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Copper, acetates, preparation for adhe- 

siveness tests, 439; fungicides, rela- 


tive adhesiveness of, 431; soap spray 
mixture for control of tomato leaf 
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Corn, infection of by Puecinia sorghi, 
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maize 


disease of, 51; see 


‘Corticium vagum, 50; on weeds and 
grasses, 89; var. Solani, 8 

Cotton, infection experiments with 
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Cowpea, blight, 139; pod spot, 139; 


rust, 139 

“Crack-neck,’’ a disease of chrysanthe- 
mums, 532 

Crinkle’? on Northwestern Greening, 
261 


Cronartium, occidentale, 


53; ribicola, 
575; ribicola, 
dissemination 


15; ribicola on Ribes, 


relation of insects to 
of, 451; ribicola, spore germination, 391 

Crop rotation with reference to control 
of potato seab, 422 

Crown galls, giant, from Florida Ever- 
glades, 207; on strangling fig, 207 

Cucumber, leaf spot of, 124 

Cucurbit mosaic, seed transmission of, 
326 

Cuprammoniums, preparation of for 
adhesiveness tests, 439 

Curly-dwarf of potatoes, comparative 
rate of water tubers from 
healthy and diseased plants, 541 

Curly-top of sugar beet, susceptibility 


loss in 


of various plants, 412 
Cylindrocladium seoparium, 31, 42 
Cyphella holstii, 139 
aberrans, 119; 


Cytospora, palmicola, 
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Damping-off of, angiosperms, 50; citrus 
spp., 119; snapdragons, 315; tobacco 
129, tomato, 127; vascular erypto- 
gams, 50 

Decay, seed-piece, relation of wound- 
cork formation to in potato, 483 

Diaporthe citrincola, 119 

Diatrypella psidii, 133 
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Die-back, cacao, 138; citrus spp., 119 

Diplodia, artocarpi, 116; artocarpina, 
116; caricae, 118; cococarpa, 122; 
cococarpa var., 122; 128; 
malaccensis, 122; manihoti, 128; phase- 
olina, 132 

Diplodina degenerans, 136 

Discothecium bakeri, 124 

Disease resistance of potatoes to Fusa- 


crebra, 


rium wilt, 255 

Djersek Boli, canker, 118 

8S. P., and GILBERT, W. W., 
Seed transmission of cucurbit mosaic 
by the wild cucumber, 326-327 

Doran, Wy. L., The minimum, opti- 
mum, and maximum temperatures of 
spore germination in some Uredinales, 
391402 

Lovtsr, Overwintering of the 
aeciospores of Cronartium ribicola, 619 

Downy mildew of, maize, 139; tomato, 
127 

Drecus_erR, Cuarues, Cotyledon infee- 
tion of cabbage seedlings by Pseudo- 

282 


O77 


monas campestris, 275 
Dry rot, maize, 140 
L. W., Tongs for handlin: 

disinfected seed, 581-582 


Epson, H. A., see SHApovALov, M 

Egg plant, bacterial wilt, 136; 
spots, 136 

Evuiott, JoHN A., Wood rots of peach 
trees caused by Coreolus prolificans 
and C. versicolor, 615-617 

Elsince canavaliae, 132 

Emmer, Tylenchus tritici attacking, 283 

Endothia, 
ican chestnut to, 52; parasitica, 52 

Endoxyla mangifera, 127 

Ensian, M. R., A staining method for 
vascular tissue, 180; Gas injury to 


leaf 


sanker, resistance of Amer- 


wheat, 266; Sweet potato mosaic, 180 
Entyloma oryzae, 131 
Erysiphe graminis, 141 
Eutypa heterocantha, 119 
Eutypella, citricola, 119; cocos, 122 


Fartrcuitp, Davin, Byron David Hal- 
sted, biographical sketch, 1-6 


False smut, rice, 130 

Fanning strawberries, 547 

Fig, leaf spot, 125; rust, 124, 125 

Fire blight, 111, 112 

Flax, infection of by Fusarium lini, 9 

Fumago vagans, 138 

Fungi, infection by certain, relation 
temperature and humidity 
which decay weaveshed roofs, 54 

Fungicides, copper, relative adhesive- 
ness of, 431 

Fusarium, conglutinans, 8; 
banana wilt organism, 339; eumartii, 
231; influence of climatie factors on, 
248; influence of factors, 252; 
isolations of from potato plants, 234; 
lini 9, 
sporium on sweet potatoes, 467; radi- 
cicola, 41; 
140; temperature relations, 231; theo- 


of 


cubense, 


soil 


141; oxysporium, 223; oxy- 


root rot of tobacco, 49; sp., 


bromae, 1388; wilt of potato, 223 
Fomes officinalis, 55 
Forest pathology, and airplane construe- 
tion, 54; laboratory, new location, 215 
Frost necrosis of tulip leaves, 475 
Fruit rot of, blackberry, 176; bread 
uit, 116; Capsicum frutescens, 117; 
citrus, 120; dewberry, 176; egg plant, 
136;  jak-fruit, 116; 
raspberry, 176; red pepper, 117; snake 
gourd, 124; strawberry, 171; tomato, 


127 


papaya, 


Gabi, blight, 123 
BEVERLY 
the Florida Everglades, 


GALLOWAY, T., Giant erown 
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Gippinas, N. J., and Brera, ANTHONY, 
A comparison of the late blights of 
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Giupert, W. W., 
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CGloeosporium, canavaliae, 132; macro- 


see Byars, L. P.; 
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the 
(Ricinus communis), 565-568 


GODFREY, G. ricini n. 
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Graves, ARTHUR Harmovunt, Resist- 
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Greening, ‘‘crinkle”’ on, 261 

Grecory, C. T., Heterosporium leaf 
spot of timothy, 576-580 

Guabano, see Soursop 
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Hoprner, G. R., Biologie forms of 
Puccinia coronata on oats, 309-314 
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Horsert, J. R., Trost, J. F., and 
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Insects, agents in dissemination of, 
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spot of, abaca, 
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cahoy, 128; cassava, 128; eeara rubber, 
127; chard, 116; cocoanut, 121: coffee, 
122; cucumber, 124; eggplant, 136; 
kaffirs, 137; 140; 127; 


milos, 137; papava, 118; peanut, 115; 


maize, mango, 
pechay, 117; pineapple, 115; sesame, 
136; snapdragons, 315; sorghums, 137; 
talisay, 138; timothy, 576; tobacco, 
130; tomato, effect of spray mixtures 
on eontrol of, 554: 
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vam, 124; yautia, 
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Lentodium tigrinum, 55 
Lenzites trabeum, 55 
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Leptothyvrium circumseissum, 127 


Leptosphaeria orthogramma, 


Lettuce, tip burn, 126 

LEUKEL, R. W., see Byars, L. P. 

Lichens on, cacao, 139; citrus, 119 

Light, effeet of on infeetion, 13 

Lime, Itusaie, canker of, 118: use of to 
destroy coconut affeeted with bud rot, 
121 

Linga, see Sesame 
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155, 188, 217, 269, 304, 334, 425, 
538, 584 
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Lyman, G. R., The Advisory Board of 
American Plant Pathologists, 202-206 
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sterilization for controlling 


Meliola, arundinis, 136; mangiferae, 127 
Micropeltis mucosa, 122 

Miturr, M., see Jones, L. R. 

Milos, see sorghums 

Morus alba, 128 

Mosaie, bean, 149: sweet potato, ISO; 


tobacco, 130; thermal death-point of 
seed and virus of, 445; transmission of 
virus, 445 
Moulding of 


stock, 521 


snow-smothered nursery 

Mulberry, powdery mildew, 128; rust, 
128; twig fungi, 128 

Mycogone cervina var. theobromae, 138 


Mycology, establishment of an Imperial 
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Mycosphaerella, caricae, 118; musae, 
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sp., 138 
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sporium ribicola, 53 
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eane, 135; tobaeeo, 130 

Nicotiana tabacum, 129 

Nomenclature of the potato-seab organ- 
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with Puecinia coronifera, 9; Puecinia 
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Ophiobolus oryzinus, 131 

Ophionectria theobromae, 139 

Orange canker, 118 
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Palawania cocoes, 122 


Papaya, fruit rot, 117; leaf spot, 118 


Parasitism of Pueccinia graminis tritici 


and Pueccinia graminis_ tritici-com- 


pacti, 59 


Pathologists, cereal, conference of, 582 


Pathology, market, the field of, 497; 
history, i97; possibilities and pros- 


pects, 500; present status, 498; results 
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Peanut, leaf spot, 115; root rot, 116 
Pea powdery mildew, 133 
Pechay leaf spot, 117 
Penicillium oxalicum, 36 
Peroneutypella, 
dioides, 138 
Peronospora sp., 139 
ersonals, 105: Tbs, 


302, 333, 477, 478, 535, 582 
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267, 

Pestalozzia funerea, 127 

Percu, T., Citrus mildew: a correction, 
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Phakospora pachyrhizi, 131 
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Philippine plant diseases, 114 
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sabdariffae, 126; sesamina, 136 
Phomopsis capsici, 117 


dioscoreae, 124; phaseo- 


Phyllachora, 


132; 134; sacchari 
spontanei, 134; sorghi, 137; sp., 125 

Phyllactinia suffulta, 128 

Phyllosticta, antirrhini on snapdragons, 


323; circumsepta, 120; cocophila, 122; 


lina, sacchari, 


glumarum, 131; hortorum, 136; Insu- 

Jarum, 115; leaf spot and damping off 

of snapdragons, 315; manihoticola, 
127; miurai, 131 

Physalospora, affinis, 138; guignardio- 
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Physoderma, disease of corn, 51; zeae- 
maydis, 52 

Phytopathological, Notes, 48, 
153-154, 180-182, 214-216, 
301-303, 330-333, 475-478, 5: 
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935, 581-583 ; 
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festans, 31, 127; infestans on tomato 

and potato, 209 
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telative Importance of Pythium and 
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abstract), 50; see HartLey, Cart. 
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Pythium debaryanum on, 50; Rheospo- 
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attacking, 53 

Pieper, C. V., and Cog, H. 8., Rhizoe- 
tonia in lawns and pastures, 89-92 

Piricularia oryzae, 131 

Pisum sativum, 133 

Plant, diseases, literature on, 56, 107, 
155, 188, 217, 269, 304, 334, 425, 479, 
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dian, 215; pathologists, advisory board 
of American, 202; quarantine service 
in Japan, 179; relation of weather to,7 
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Pomelo, canker, 118 
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parison of, 209; bacterial wilt, 137; 
black leg, 137; black-leg organism, 


studies of viability of, 285; ecompara- 
tive 
from normal and diseased plants, 541; 


rate of desiccation of tubers 
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and, 209; disease conference on Long 
Island (appendix), 536; Fusarium 
wilt, 223; Fusarium wilt, control, 254; 
Fusarium wilt, disease-escaping varie- 
ties, 256; Fusarium wilt, disease-resist- 
255; leafhopper, 291; 
Phytophthora infestans on, 209; scab, 


ant varieties, 
controllable by rotation of crops, 422; 
seab, influence of soil temperature on, 
301; scab organism, nomenclature of, 
327; tubers, inoculation experiments 
with Aspergillus niger, 36; wound-cork 
formation in ,relation 
decay, 483; tubers, inoculation experi- 


to seed-piece 


ments with Clonostachys 
inoculation experiments 
with Fusarium radicicola, 41; 


rosea on, 


36; tubers, 

tubers, 
some potential parasites on, 36 

Powdery mildew, mulberry, 128; pea, 
133; sesame, 136 

PritcHarD, Frep J., and Ciark, W. 
Buair, Effect of copper soap and of Bor- 
deaux soap spray mixtures on control 
of tomato leaf spot, 554-564; effect of 
spraying on early ripening of tomato 
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B., Transmission of the 
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eases, 114-140 
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123; of Colocasia for blight, 123 


Rheosporangium aphanidermatus, 50 


virus 
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portance of in coniferous seed beds, 
50; in lawns and pastures, 89; on 

cotton, temperature-infection experi- 

ments with, 8; solani on 

grasses, 89; 49, 122, 


stem rot of carrot, 124 
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weeds 


124, 


sp., 
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177, 552; sp., 178 
Ribes, overwintering of Cronartium 


ribicola on, 575 

Rice, blast, 131; false smut or lump 
smut, 130; glume spot, 131; leaf spots, 
131; 131; smut; 131; 
straight or sterile head, 131 

Rogerts, R. H., ‘‘Crinkle’’ 
western Greening, 261-263 

Roofs, weaveshed, fungi which decay, 
54+ 

Root, disease, cacao, 139; galls, tobacco, 


rotten neck, 


on North- 
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control of, 93; knot, soil disinfection 
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Rosellinia cocoes, 122 

Rosen, H. R., and Kirsy, R. 8., A com- 
parative morphological study of aecia 


of four different rusts found upon 
barberries in North America, 569 
574 


Rosenspaum, JoserH, Macrosporium 
solani on tomato fruit (abstraet), 51 
Rotation, crop, with reference to control 

of potato seab, 422 
Rust, barberry, a comparative morpho- 
logical study of aecia, 569; bean, 132; 
122; cotton, 126; 
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139; fig, 124; mulberry, 128; pine 
needle, 53; resistance and_ biologic 
specialization, 78; sorghum, 137; soy 
bean, 126; white-pine blister, 54; 
yam, 124 

Rye, Tylenchus tritici attacking, 283 


Saccharum, officinarum, 134-186; spon- 
taneum, 154, 135 

Sarcinella raimundi, 136 

Satsuma orange, canker, 118 

Scab, potato, influence of soil tempera- 
ture on, 301 

Sealy bark, citrus spp., 120 

Sclerospora maydis, 139 

Sclerotinia, ricini on the castor bean, 
564; sp., 122, 125, 126; 

Seed, disinfected, tongs for handling, 
581; potato, infected with Fusarium 
oxysporum, 238; selection, to control 
bean blight, 131; transmission of 
cucurbit mosaic by the wild cucum- 
ber, 326-327 

Septogloeum arachidis, 116 

Septoria lycopersici, 9, 32; effect of 
spray mixtures on control of, 554 

Sesame, leafspot, 136; powdery mildew, 
136 

Shade trees, kerosene injury to, 476 

SHapovauov, M., Is the common potato 
scab controllable by a mere rotation 
of crops? 422-424; some potential para- 
sites on the potato tuber, 36-4; 
and Epson, H..A., Wound-cork for- 
mation in the potato in relation to 
seed-piece decay, 483-496 

Suear, C. L., First decade of the Amer- 
ican Phytopathologieal Society, 165- 
170 

Sincamas, rust, 13 

SmitH, FLorence P., see OBERLY, 
Eunice R., and Arwoop, ALIcE C.; 
T. O:, see BuTLeR, O 

Smut of, rice, lump, 130; wheat, flag, 330 

Snake gourd, fruit rot, 124 

Snapdragons, damping off of, 315; 
Phyllosticta antirrhini on, 315; Phyl- 
losticta leaf spot and damping off of, 
315; rust of, 330 

SNELL, Water, H., Observations on 
the relation of inseets to the dissem- 


ination of Cronartium ribicola, 451- 
464 

Soil, fungi, soil disinfection by hot 
water to control, 49; infection with 
Fusarium oxysporum, 240; organisms, 
pathogenic, wind and the distribu- 
tion of, 471 

Soja, see soy bean 

Sooty mold, citrus spp., 119; coconut, 
121 

Sordaria oryzeti, 131 

Sorghum, grain mould, 137; kernel 
smut, 137; leaf spot, 137; rust, 137 

Soursop leafspot, 115 

Soy bean, black mildew, 125; blight, 
125; rust, 126 

SPAULDING, Perry, Investigations of 
white-pine blister rust, 1918, (ab- 
stract), 54; see York, H. H. 

Spegazzinia ornata, 131 

Spelt, Tylenchus tritici attacking, 283 

Spore germination in some Uredinales, 
391 

Sporodesmium bakeri, 129 

Spray mixtures for control of tomato 
leaf spot, 554 

Spraying, cost for coffee rust, 123; for 
Phytophthora colocasiae not effec- 
tive, 123; tomato fruit, effect of on 
early ripening, 289 

Stem rot of coffee, 122 

Stevens, Neit E., Keeping quality of 
strawberries in relation to their tem- 
perature when picked, 171-177; and 
Cuivers, A. H., fanning strawberries 
in relation to keeping quality, 548-553 

Stewart, Vern Bonham, biographical 
sketch of, 111; see Reppick DoNALp 

Stone, R. E., A new stem rot and wilt 
of tomatoes, 296-298; Kerosene injury 
to shade trees, 476-477 

Storage rot, sweet potato, 126; yam, 124 

Srover, W. G., and Coons, G. H., St. 
Louis Conference on take-all and flag 
smut of wheat, 330-332 

Strawberries, fanning in relation to 
keeping quality, 547; keeping quality 
of as related to their temperature 
when picked, 171 


Sugar beet, curly-top, susceptibility of 


various plants to, 413 
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Sugar cane, broom rape, 135; leaf fungi, 
136; leaf spot, 134; 135; 


root parasite, 135; smut, 


galls, 
135; 


135; sooty mould, 185; stem rots, 134 


root 


rust, 


Surface rot of sweet potatoes, 465 

Susceptibility of, citrus spp., to canker, 
118; various plants to curly-top of 
sugar beet, 412 

Sweet potato, mosaic, 180; storage rot, 


126; surface rot, 465 


Take-all of wheat, 330 

Talisay, leaf spot, 1388 

Taytor, MINNIE W., The overwintering 
of Cronartium ribiecola on Ribes, 

Taytor, Rose M., biographical sketch, 
212 

Temperature, effect of sudden change 
of on infection, 15; influence of low on 

infection of buckwheat by Ascochyta 
fagopyrum, 22; relations of Fusarium 
oxysporum, 231 

Thielavia basicola, 9 

Thielaviopsis ethaceticus, 134 

Tuurston, H. W., 
rhini, 330 

Thyridaria tarda, 138 

Tilletia horrida, 131 

Timothy, 


Jr., Pueceinia antir- 


Heterosporium leaf spot of, 


Tip burn, lettuce, 126 

TispaLe, W. H., The Physoderma dis- 
ease of corn, 51-52 

Tobaceo, bacterial wilt, 129; effeet of 
spraying on early ripening of, 289; 
Fusarium root rot of, 49; leaf spot, 
130; mosaic, 130; root galls, 130 

Tomato, bacterial wilt, 127; damping- 
off, 127; downy mildew, fruit 

127; infection experiment with 


127; 
rots, 
Septoria lycopersici, 9; infection of 
by Septoria lycopersici, 32; late blight 
of compared with 
209; leaf spot, effeet of spray mixtures 
554; Macrosporium 
solani on, 51; new stem rot and wilt 
of, 296; Phytophthora infestans on, 


that on potato, 


on control of, 


209 
Tongs for handling disinfected seed, 
581 


Traversoa dothiorelloides, 128 

Trost, J. R., see Hotsert, J. R. 

Tryblidiella, rugula, 119; mindanaoensis, 
119 

Tulip leaves, 


frost necrosis of, 475 
Twig fungi, mulberry, 128 
Tylenchus tritici, 51, 181, 283 
Uredinales, attatking pines, 53; spore 
germination of at different 
tures, 391 


tempera- 


124; 
124; 
vignae, 139 

132, 139; 


mucunae, 132; peckianus, 55; 


diose oreae, 
124; 


quereus, 53; 


Uredo, desmium, 126; 
dioscoreae-alatae, fiei, 
kuehnit, 135; 

Uromyees, appendiculatus, 

sojae, 
126 

Ustilagino!dea virens, 130 


Ustilago, snechari, 135; sor@hi, 137 
Valsaria, citri, 119; insitiva, 128 
Vasey, HARVEY 
sketch of, 299 
Vegetables, arranged aceording to hosts, 
504; market 


and classification, 501 


biographical 


diseases of, 497; nature 


Vermicularia capsici, 117; horridula, 
132; sesamina, 136 

Verticillium albo-atrum, 231 

Virus, bean mosaic, thermal death-point 
of, 445; transmission of, 445 

VocEL, Irvin H., A rose graft disease, 


403-412 


War Emergency Board, 184 

Weaveshed roofs, fungi which decay, 54 

Weeds, Rhizoctonia solani on, 89 

WeEIm_ER, J. L., See Harter, L. L. 

Wheat, Puceinia 
infection on at low temperature, 18; 
comparative effect of light and dark- 


amount of graminis 


ness on infection of, 13; flag smut of, 
330, gas injury of, 266; infection of by 
Puccinia graminis at high tempera- 
tures and practically constant humid- 
ity, 23; nematode disease of caused by 
Tylenchus tritici and its control, 51; 
nematode galls, ISL; nematode, Ty- 
lenchus tritici, attacking rye, oats, 
spelt, and emmer, 283; parasitism of 


Puccinia on, 59; Puecinia graminis 
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Wuerzet, H. H., New Institute of 
research in phytopathology, 154 

White-pine blister rust, investigations 
of, 54 

Witcox, Meap, Harvey 
Vasry, biographical sketch, 298-300 

Wild cucumber, seed transmission of 
cucurbit mosaic by, 326 

Wild lime canker, 118 

Wilt of, banana, 339; tomatoes, new, 296 

Wind and the distribution of patho- 
genic soil organisms, 471 


Winged bean, orange galls, 133 
Woroninella psophocarpi, 133 
Wound-cork formation in potato, 483 


Xanthosoma sagittifolium, 124, 139 


Yam, leaf spot, 124; rust, 124; storage 
rots, 124 

Yautia leaf spot, 139 

York, H. H., and SpauLpInG, PERLEY, 
The overwintering of Cronartium 
ribicola on Ribes, 617-619 
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BYRON DAVID HALSTED, BOTANIST" 
(1852-1918) 


Davip FAIRCHILD 
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It is a curious fact that, although we have certain formulas according 
to which we describe plants—even microscopic ones—we have no set rules 
to guide us in the description of ourselves as human beings, and it is sur- 
prising what scanty room we devote even in our scientific publications to 
the descriptions of those human beings to whom the literature of science 
owes its existence. Perhaps it is the difficulty of the task which prevents 
us. Possibly it is because those upon whom the task falls have learned 
to describe plants but have never been taught to describe members of 
their own species. The fact remains that the shadows of these great 
men pass, and the coming generations who pore over their work form vague 
notions about the forms which made these shadows, the sound of their 
voices, the effect of their presence, or the light of their eyes. All this seems 
strangely true, as I attempt to write these lines about my uncle, Dr. Byron 
David Halsted, whose life has just closed at the age of sixty-six. 


'Byron David Halsted, son of David and Mary Halsted; born June 7, 1852, at 
Venice, N. Y.; died August 28, 1918. He received from the Michigan Agricultural 
College the degrees of B.S. in 1871, and M.S. in 1874, and from Harvard University 
the degree of D.Sc. in 1878. He was editor of the American Agriculturist from 1879 
te 1885; from 1885 to 1889, Professor of Botany in the lowa Agricultural College; and 
from 1889 to 1918, Professor of Botany and Horticulture at Rutgers College, New 
Brunswick, N. J. Silver Medal Massachusetts Horticultural Society; Fellow, A. A. 
A. S.; Member; Society for Plant Morphology and Physiology; Society for the Pro- 
motion of Agricultural Science, of which he was president in 1897; and the Botanical 
Society of America, of which he was president 4n 1900. Associate Editor, Bulletin 
Torrey Botanical Club, 1890-1893. Member Advisory Board, North American Flora 
since 1905. A pioneer in American Botany and Plant Pathology, Dr. Halsted con- 
tributed some 300 titles to the literature of these subjects. His work on plant dis- 
eases in New Jersey was particularly important. After 1900, he specialized on Plant 
Breeding. 
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It occurs to me that what the younger generation of botanists would 
like to have recorded are some of those glimpses into Dr. Halsted’s charac- 
ter, which were given to me not only as his nephew but as his botanical 
protegé—such impressions, scattered through the years, as come to mind 
whenever his name is read or spoken. 

I first see him with the eyes of a child of seven, at Lansing, Michigan. 
He had ordered a pocket microscope, and we children knew he was wait- 
ing impatiently for it to come, so we filled a box with angleworms and ad- 
dressed it to him and put it in the mail box and waited for him to come 
home and saw with malicious delight his disappointment as he opened the 
box. Of course he chased us—nothing short of that would have satisfied 
our idea of adventure. 

I next see him through the eyes of a youth of eighteen in a thicket 
along the banks of Wildeat Creek in Kansas, wandering in his character- 
istically inquisitive way, glaneing at leaves, turning over old logs, or ex- 
amining buds. <A passion for strolling in the woods, as I remember him 
then, was one of his characteristics. To him the woods presented a charm 
which might be deseribed as coming from the fascination of apparently 
little things. It was very distinct from the collector’s spirit. Beeause he 
knew he could name a plant did not make him hurry by it to the next. 
He examined it and stopped to wonder whether in it did not lie some prob- 
lem either connected with its apparatus for seed distribution, ora contriv- 
ance for cross-fertilization, or whether on its leaves was not to be found 
some leaf-spot disease, or whether the hairs of its pubescence were not 
peculiar. He appeared to take an unending delight in the vast array of 
beautiful forms and colors which are everywhere to be found in the mi- 
nute structure of living things. There was something of the fascination in 
it that a child shows when he first holds a kaleidoscope in his hands and 
turns it before his eyes; but with this differenee—each new form sug- 
gested some interesting problem to be tried. He never tired of looking, 
and there always seemed to me to be something of the quality of Franklin’s 
mind in that of my unele. If a leaf fell too early, his mind enquired at 
once why it fell, and he looked for a disease or some other cause. His 
mind did not dismiss the matter as of no particular consequence. 

The summer and autumn of 1888, which I spent with my uncle at 
Ames, Iowa, in the old brick North Hall, were days of delightful enthusi- 
asms, during which I learned from him that investigation should be a 
series of exciting experiences. His great power as a teacher, as I saw it 
then and ean now compare it with that of Brefeld, Cohn, Pax and other 
German botanists, lay in his refusal to consider any field of research as 
old. He delighted in dipping into any problem regardless of the volumes 
which might have been written on the subject, and instead of making his 
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pupils feel that so much had been done that it was very hard to find a 
place where they might expect to discover something new, he encouraged 
them to believe that they might start in almost anywhere. He gave them 
first the pleasure of their own discovery, even if later they found out that 
somebody before them had found out the same fact. To a youth, the 
idea of research as an exciting sport was the important thing to establish. 
“He refrained from taking the student into a great library of obscurely 
presented facts and theories and overwhelming him with the magnitude 
of the knowledge already assembled. I never discussed this matter with 
him, but I always believed that he felt there could not be too many 
independent unbiased witnesses of a natural phenomenon and that it was 
not a crime to fail to find out by a long literature search if some one else 
before him had described the same thing. 

In 1888 the world of fungi imperfecti presented a new and fascinating 
field, and every leaf spot was put under a tumbler to bring out its streams 
of pycnospores, if it had any, or scraped with a sealpel to discover its 
bundles of aerial hyphae. The powdery mildews and rust fungi were not 
well known then, and many were the attempts made to germinate them— 
many failures it must be confessed. 

Pollen always seemed to have a peculiar fascination for my uncle, and 
he gathered it fresh from every flower almost which came to hand, and 
germinated it in sugar solutions. This was before the days of microtomes 
and just about the time when Douglas Campbell and W. H Wilson had 
returned from Germany with ideas on how to stain the nucleus with methyl 
green or eosine. 

Of Dr. Halstead’s student days in Harvard I often heard many stories. 
He was proud of having been Dr. Farlow’s first pupil in plant diseases 
and of the pioneer work on Plowrightia morbosa which Dr. Farlow did 
he was, I believe, an enthusiastic witness. 

There was a period of my uncle’s life of which I know only through hear- 
say. It was of the years when he was associated with Thurber on the 
American Agriculturist. Those were his days of journalism and of busy 
city experiences, when he read proof and investigated fraud advertizers 
for the paper. For. Dr. Thurber’s mind he always had great respect and 
often quoted his quaint, humorous and sarcastic sayings. In so far as 
environment affected him, these days tended to make him an easy, flu- 
ent writer. He had a simple style, using short Anglo-Saxon words, and 
his delicate sense of humor often came out in his writings. 

In microscopic research, his methods were the direct ones of hand ma- 
nipulation, for he had a very quick eye to determine correctly occurrences 
in the microscopic field. He would much rather actually see a spore 
sitting on its conidiophore and by pressure on the cover-glass jar it loose 
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than by reasoning beeause there were hosts of spores floating about in the 
field and sporeless conidiophores present, that the spores came from the 
conidiophores and did not come as the result of contaminations. He 
wanted to actually see with his own eyes, and he was in the habit of check- 
ing his methods by means of actual observations, much as Brefeld did 
when he proved the nature of the spores of Bacterium by watching one 
actually germinate. 

Dr. Halsted’s philosophy of life was essentially the Christian one. Born 
of Quaker ancestry, he maintained through life the quiet simplicity of the 
Quakers, although in his religious beliefs he adapted himself to the Con- 
gregational and Presbyterian faiths. 

During the long years of delicate health, at the close of his life, he wrote 
for his intimate friends some charming short poems and essays. 

His was not an aggressive personality. He did not delight in argu- 
ment, although he seldom failed to contribute his opinion whenever he 
thought it was wanted or would help clarify a situation. He won people 
through the nobleness of all his motives, for nobody could find in them that 
selfishness which so many people believe is necessary to self preservation. 

Physically, my uncle was not particularly robust when I knew him, 
although as a student he was pitcher of the college baseball team and 
because he was ambidextrous, he often confused the batters. Though a 
great walker, his feet troubled him as he grew older and limited him to the 
small amount of foot travel which the observations in his plant breeding 
plots necessitated. He was not a great traveller, though he knew the New 
England States and had crossed the continent, but he never visited 
Europe. When he arrived at the age when he might have travelled 
much, railroad travel had become distasteful and even painful to him, and 
besides, he found so much to interest him in his laboratory and greenhouse 
that he did not care to go away. 

There always seemed to me to be a characteristic disorder about my 
uncle’s laboratory. It was different from the general run of experiment 
station laboratories with their neat array of apparatus and specimens. 
There were so many interesting problems going on, so much improvised, 
make-shift apparatus. If you found a rotten carrot which you thought was 
there merely because it had not been thrown away, it was probably being 
kept to see if the disease causing the rot would develop perithecia. He 
had the true idea regarding research. He did not postpone an investiga- 
tion until Bausch & Lomb could provide the apparatus, but he went at it 
with his pen-knife and a ball of twine. There is an American saying which 
appears to fit Dr. Halsted’s character in this respect: ‘‘ Anyone ean build 
a house with a full set of tools, but to make a piano with a jackknife—that’s 
art.”’ He delighted to secure results with simple means. 
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Whether he realized more keenly the flight of time than others, or 
whether his journalistic training had given him the habit, I do not know, 
but he followed the practice of putting into print his observations as they 
were made, without waiting to give to them the polishing which some 
investigators deem essential. I cannot help thinking that this habit was 
in his ease a fortunate one, for had he waited as so many of us have done 
until out investigations are properly rounded out, he would have left to 
the world much less that is really valuable. He carried on investigations 
extending over many years, but as he went he published his observations. 
By those who delight in monographs or in single great pieces of work, 
Dr. Halsted will be criticized for covering so wide a field of botany and for 
not specializing more narrowly, but this was not his nature, and when I 
try to compare him with men who have spent fifty years monographing a 
single family, I cannot do it. They are not comparable, and nothing is 
to be gained by trying to make them so. A single correct observation 
may be quite as valuable as a life-long elaborated theory. Brefeld’s ob- 
servation of the sprouting bacterial spores, though made intwenty-four 
hours, will be remembered and already outelasses his System der Pilze on 
which he spent years of his life and in which he believed with an almost 
religious fervor. 

It isa pity that eyes so keen as Dr. Halsted’s should not have been corre- 
lated with a greater endurance, for the hard usage which he subjected them 
to broke them down too soon and foreed him, long before he was past 
middle life, to abandon the microscope altogether. It was when this 
time came that he shifted his investigations from the field of plant pa- 
thology to that of plant breeding, in which latter field he accomplished a 
great deal that is of lasting value; and, considering his delicate health, it 
is remarkable what he was able to accomplish, thanks to the appreciative 
attitude of his colleagues of the New Jersey Experiment Station and the 
faculty of Rutgers College. 

It perhaps ought to be recorded that his removal from Iowa to New 
Jersey, which will appear to most people as significant, came about through 
the fact that his wife’s relatives were New Jersey people; and in the 
eighties, Iowa was a long way west, and life there lacked many of the 
attractions of the East. 

Of my uncle’s ancestry I know too little. That there were inherited 
traits urging him towards the scientific career which was his, there are, 
however, evidences; for one of his granduncles was Dr. Joseph Thomas 
(compiler for Lippineott of the American Eneyelopedia of Noted Men), 
who was sent by Wm. H. Seward, then Secretary of State to make a re- 
port upon the resources of Alaska, upon which favorable report Seward 
acted. Another great uncle was David Thomas, Civil Engineer of the 
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Erie Canal under DeWitt Clinton, then Governor of New York. John 
J. Thomas, of Union Springs, N. Y., a noted horticulturist of his time, 
author of Culture and Management of Forest Trees, Fruits, Nuts and 
Vines, was Dr. Halsted’s own uncle and possibly influenced him as a 
small boy in the choice of his career. I do not mean to underestimate in 
the least, however, the environmental effect of the early pioneer days in 
the Michigan State Agricultural College when .President Abbott, Dr. 
Kedzie, Dr. W. J. Beal, Dr. A. J. Cook, Dr. Miles, and my own father, 
Pres. Geo. T. Fairchild, were working out the scheme of agricultural 
education which has had such an effect upon our country. 

Dr. Halsted was a contemporary of Bailey, Shelton, Georgesson, Tracy 
and many others to whom not only this country but Japan owes a debt of 
gratitude for their pioneering efforts. Professor Tomari, the first Japanese 
agricultural student to America, studied in Michigan during those days. 

With Dr. Halsted’s death, there has passed not only a great soul, whose 
ideals live in his pupils, but a personality in research which was character- 
istic of an epoch in botanical science—the early days of plant pathology. 

To those who in their researches run across one of his new species of 
fungi or early descriptions of a plant disease, I would point out, that be- 
hind the descriptions which they read, lies the soul and intellect of an 
American who believed that the evolutionary drift of mankind is toward a 
greater altruism. 

We are, all of us who do scientifie work, gathering grains of sand ‘on the 
seashore of endless worlds” and it is a satisfaction as his nephew to feel 
that the grains of sand which my uncle gathered were real grains and not 
the irridescent bubbles made by the surf. 

Dr. Halsted was married three times and three children and his widow 
survive him: Edwin Howe Halsted, a practical horticulturist in northern 
New Jersey; Mrs. Rudolph Riege, of Springfield, Mass., and Ella, an 
unmarried daughter. 
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THE RELATION OF TEMPERATURE AND HUMIDITY TO 
INFECTION BY CERTAIN FUNGI 


J. LAURITZEN 


INTRODUCTION 


Very early in the history of plant pathology a fundamental relation be- 
tween weather and plant diseases was recognized, not only by the pa- 
thologist but by the farmer. Even before anything was known about the 
nature of diseases, the weather was thought to have an intimate connee- 
tion with their causes, and by many to be responsible for their production; 
and yet very little work has been done to analyze the exact manner in 
which weather conditions affect diseases or disease production, except in 
an observational way. 

The effects of temperature, humidity, rainfall, and dew have not been 
isolated, except in a few cases, and then chiefly from observation or under 
partially controlled conditions. Never, so far as the author is aware, has 
the influence of temperature and humidity upon infection been studied 
separately where both have been under control. 

The importance of taking cognizance of the one while studying the 
other in connection with any growth phenomenon will be emphasized from 
the following examples of the influence of temperature and humidity on 
the growth of bamboo. Shibata (28), working under field conditions in 
Japan, gives a table which indicates a close relation between the daily 
growth of bamboo and temperature (16°C. to 20°C.) and searcely any re- 
lation to humidity. Lock (19), working at Peradeniya, on the other 
hand, found that the daily growth depends largely upon the water supply 
and the moisture content of the air, and has little relation to the tempera- 
ture, which in his experiments fluctuated beween 19° and 26°C. 

The difference in the temperature of the two places will account for the 
seeming discrepancy, as far as the temperature is concerned. At Pera- 
deniya the temperature is apparently the optimum for the growth of bam- 


' Also presented to the Faculty of the Graduate School of Cornell University, 
March, 1916, as major thesis in partial fulfillment of the requirements for the 
degree of doctor of philosophy. The writer is indebted to Dr. Donald Reddick and 
Dr. V. B. Stewart under whose immediate direction the work was performed for 
valuable assistance and suggestions in connection with the investigation and in the 


preparation of the manuscript. 
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boo, and covers a range of several degrees, while in Japan it falls below 
the optimum, consequently the growth curve follows closely that of the 
temperature. A comparison of the humidity of the two regions, as far as 
a comparison is possible from the data that are available, reveals very 
little difference in the moisture content of the air. It is apparent that 
this humidity, which varies largely between 70 per cent and 90 per cent 
influences the amount of growth under the favorable temperature at Pera- 
deniya. Its influence is evidently obscured by the unfavorable tempera- 
ture in Japan. Whether the humidity can become so unfavorable as to 
obscure the effeets of temperature is not known from the data at hand, 
but it is probable. One thing seems certain, however, that in studying 
either of these factors one cannot afford to ignore the one while the other 
is under observation; in fact, it would be preferable to hold one of these 
factors constant when observing the other. 

In earlier work in pathology a clear distinction has not been drawn 
between the infection period and the period of incubation” Such a dif- 
ferentiation is not always possible, and perhaps it is never possible to 
state definitely the exact point at which the infection period ends or the 
period of incubation begins. However, in most cases they can be sepa- 
rated sufficiently to study each apart from the other. Considerable work 
has been done to show the influence of temperature on the production and 
development of disease, but the two periods have been studied con- 
jointly. Less work has been done upon the relation of humidity to this 
phenomenon but a sharper separation has been made between the infee- 
tion and incubation periods. 

Balls (4) conducted temperature-infection experiments with Rhizoe- 
tonia (Corticium vagum B. and C., var. Solani Burt) on cotton (Gossypium 
spp.) in which he found that infection took place and became evident in 
twenty-four hours at a temperature of 20°C. At 33°C. no infection oc- 
eurred. Here the infection and incubation periods are crowded into such 
a short space of time and apparently so fused together that probably it 
would be difficult to separate them. The experiments were conducted by 
placing mycelium of the fungus in contact with seedlings placed upon 
several layers of moist filter paper in a petri dish, which in turn was placed 
in an infection chamber. 

Gilman (11) performed some soil infeetion experiments with Fusarium 
conglutinans Wollenw. on cabbage (Brassica oleracea LL.) which are of inter- 
est in this connection chiefly because he worked in a greenhouse in which 
the temperature was automatically controlled. He also conducted some 

2 Infection period as here used is the period during which the pathogen penetrates 
the host until it becomes established with the host. Incubation period is the period 
of development that follows until the symptoms of the disease become visible. 
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experiments in a glass infection chamber where the temperature was con- 
trolled by an electric thermo-regulator. The difficulty of studying in- 
fection apart from the incubation period is here apparent. It is not, 
however, so important in this instance that they should be studied sep- 
arately, because the environmental factors are not so variable except in 
the case of temperature. 

Tisdale (29) studied the infection of flax by Fusarium Lint Bolley. He 
found that the lower temperature limit for infection was about 15°C., and 
makes the statement that most of the infection occurs between 20° and 
30°C. The temperature was controlled in one set of experiments by em- 
ploying positions at different distances from a radiator in a green house, 
in another by means ef a cieulating water jacket about the plant con- 
tainers. He also investigated the influence of temperature upon the growth 
of the fungus in culture media, and determined the limits to be 10° and 
37°C. with an optimum temperature at 26° to 28°C. 

Johnson (14), in working with Thielavia basicola Zopf. to test the range 
of parasitism on a large number of plants, controlled the moisture content 
of the soil and recorded the soil and air temperatures. Thetemperature 
of the air and soil depended upon greenhouse conditions. 

Fromme (10) was unable to produce infection on oats (Avena sativa L.) 
by Puccinia coronifera Kleb. with a relative humidity of 75 per cent to 80 
per cent and a temperature of 55° to 85° F. He conducted an experiment 
designed to determine what conditions of humidity were necessary for 
infection. He grew his plants in an open case made of window sashes 
where the humidity averaged 93 per cent with a variation of about 2 
per cent to 3 per cent. Although he inoculated thoroughly, he obtained 
only slight infection. In an experiment where one pot was covered and 
another stood in an open box there was an average of 161.6 lesions per 
plant in the first case as compared with 10.4 or 6 per cent in the latter. 

Some interesting results were obtained by Levin (17) in connection with 
an experiment planned to determine the time required for the infection 
of tomatoes (Leyoporsicum esculentum Mill.) by Septoria lycopersicit Speg. 
He sprayed ten plants with a water suspension of spores, placing 9 of them 
in a Wardian case, where a high humidity was maintained by means of a 
fine spray of water. A plant was taken out at intervals of 6, 12, 24, 36, 
48, 60, and 72 hours and dried immediately by an electric fan and placed 
in an open window until infection became evident. After a lapse of five 
days all the plants, including the one left on the outside, showed charac- 
teristic lesions of the disease. This experiment was repeated in detail, 
except that the plants after inoculation were exposed to a current of air 
from an electric fan until the disease appeared. The results were similar 
to those secured in the previous experiment. Infection was also obtained 
by applying dry spores. 
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From the results of these experiments the author concludes that it is 
questionable whether a film of water over the plant surface for at least a 
number of hours is essential to infection. 

The purpose of the present study is to determine the influence of tem- 
perature and humidity upon infection, and to find out whether a film of 
water covering the surface of the plant is essential for the fungus to become 
established upon the host. 


APPARATUS 


The apparatus consists of two double chambers with thermo-electric 
connections to furnish heat, and power to run fans. The outer chambers 
are 40 by 54 by 48 inches in size and are made of glass. The inner are 11 
inches smaller in each dimension and so placed that there is an air space 
of 5 inches on all sides. They are constructed of wood except the lids, 
which are of glass and slope at an angle of 40° from the horizontal. The 
wood portion is coated on the inside with paraffin of a high melting point 
to prevent the ‘absorption of water. Both inner and outer chambers are 
provided with heating coils and thermostats. In the latter case a relay 
was employed to prevent sticking of the thermostat, which was occa- 
sioned by the use of larger wire necessitated to produce the required heat 
for the outer chamber. 

The evaporation surface for the control of the humidity was supplied 
by open pans containing either pure water or saturated salt solutions. The 
humidity was read directly from psychrometers upon which was directed 
a constant current of air from a fan. 


FACTORS 


In approaching any physiological problem one is confronted with cer- 
tain difficulties. One of these is the isolation of the particular factor to 
be studied. The conditions affecting physiological processes are not only 
numerous, but complex, and sometimes so interrelated as to make their 
separation impossible. 

The usual procedure is to hold all the other factors constant in order to 
get at the facts of the particular one to be observed. Having thus reduced 
the problems to simple terms, one might think he eculd proceed directly 
to the solution of his problem, but he soon finds that the procedure is not so 
simple. One should not only have the conditions constant, but they should 
be at their optimum, and such an accomplishment is by no means easy, 
if indeed possible, with our present knowledge of the nature of physiologi- 
cal processes, the factors affecting them, or methods of investigation. 

In the present study an attempt has been made to keep the known and 
possible factors affecting infection constant as far as possible with the 
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means accessible. An attempt has been made to control, in part, condi- 
tions influencing the growth of the host plant, such as the fertility, physi- 
eal properties, organic matter and water content of the soil, light, tem- 
perature, and humidity. The first four of these conditions are fairly easy 
to control; the latter three involve more difficulties. Temperature and 
humidity have been controlled as far as is possible under greenhouse con- 
ditions. Light is the most variable factor and no attempt has been made 
to control it. The greatest difference in light is between summer and 
winter. Whether this difference is sufficient to alter the susceptibility of- 
the host plant to the attack of the fungus, or in any way influences the in- 
fecting ability of the fungus, is not known. No such influence has been 
noticed in the present experiments. It would seem that influences of 
light become less important when making comparison between the sue- 
cessive periods required for the growth of the plants while they attain 
sufficient size for inoculation purposes. 

Temperature and humidity may affect each plant differently, which of 
course is true of the other factors. The exact range of temperature and 
humidity favorable for the growth of the plants employed in these experi- 
ments has not been determined. A variation in the range with the plant 
is, however, generally recognized. It would have been desirable to have 
grown these plants under optimum conditions, but these conditions were 
not available, besides the optimum for each of these plants is not known. 
These same conditions also come into operation during the incubation 
period. 

Light as it exists under greenhouse conditions is not known to be a 
factor. Since light under natural conditions is not usually regarded as the 
limiting factor in photosynthesis, upon which host and parasite alike 
largely depend for their organic nutrition, it would seem that the reduc- 
tion in food due to the reduction in light under greenhouse conditions would 
not be sufficient to alter the number of infections more than slightly, if 
at all. 

It would seem reasonable to assume that temperature and humidity 
during the incubation period do not influence the total number of infec- 
tions if sufficient time is allowed for the viable spores to establish a rela- 
tion with the host. It is possible that the border-line temperatures and 
humidities might cause a variation in the susceptibility of the host to the 
parasite. There is some evidence to support this position in the case of 
temperature. 

Ravn (25), in studying the influence of temperature upon the infection 
of barley by Helminthosporium, found that the incubation period was 
forty-eight hours in a warm greenhouse as compared with seventy-two 
hours in a cold house. The total amount of infection was slightly in favor 
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of the cold house. Fifteen out of 16 plants were infected in the cold 
house, while 12 out of 15 in the warm house were infeeted. He concludes 
from this experiment that temperature docs not alter the total amount 
of infection. 

Fromme (10) obtained similar results with Puceinia coronifera on oats. 
Plants inoculated and grown at a temperature ranging from 20° to 30°C. 
showed evidence of infection on the fourth day, while plants inoculated 
at the same time and grown in a greenhouse at a temperature varying- 
between 14.5° and 21°C. showed indications of the disease only after seven 
days. This experiment was repeated with similar results. There was a 
slight difference in time due to a difference in temperature, but the varia- 
tion was in the same direction. The degree of infection was not, however, 
different in the two cases. 

It seems in the foregoing cases that the temperature employed, whether 
high or low, was sufficiently favorable to permit of the maximum amount 
of spore germination, or at least these temperatures allowed about the 
same percentage of germination; otherwise there would be a difference in 
the number of infections, unless we assume an alteration in the capacity 
of the fungi to cause infection or of the hosts to resist it. The latter seems 
less feasible beeause it would be a remarkable coincidence if there should 
be a shift of virulence or susceptibility in such an exact ratio that we 
would have the same number of infections even though there were a shift 
in the percentage of germination, especially when we are dealing with 
two different host plants as well as two pathogens. 

Mains (20) by altering the humidity durmg the incubation period 
obtained more infection on corn by Puceinia sorghi Schw. under high 
humidity than under low. He employed only 12 hours as an infection 
period and it is possible that there would have been more infection 
where the plants were under low humidity had the infection period been 
extended. 


CONDITIONS AFFECTING THE INFECTION PERIOD 


The light in the infection chamber was much reduced. First, because 
the inner chamber was partially constructed of wood; second, the light that 
reached the plants passed through two panes of glass; and third, the source 
of light was the diffused light of the headhouse. (It would have been de- 
sirable for the inner chamber to have been of glass, but such a chamber 
was not available.) Whether this subdued light for a period of twelve 
hours was sufficient to alter the relation of host and parasite can not be 
stated from our present knowledge. It would be expected to affect the 
host more than the parasite, because of the autotrophie character of the 
host. Furthermore if this diffused light had any effeet in the short 
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period of time during which the plants were in the infection chamber it 

would be to reduce the photosynthetic processes. The reduced food would 

probably affect only the last stages of infection, after the germ tube had 7 
penetrated the host and the energy of the spore was exhausted or reduced. 
On the other hand the assumption might be made that there is an altera- 

tion in the susceptibility of the host, due to a disturbance of an osmotic 

or chemical equilibrium. The usual time required for starch to be re- 

moved from the plant in total darkness seems to indicate that there would 

be no actual food shortage. 


TABLE 1 


Record of infection in total darkness as compared with the light of the headhouse in case 
of bean and buckwheat and the greenhouse in case of wheat 


LIGHT | DARKNESS 

DATE OF INOCULATION | HOST PLANT |——— REMARKS 
| Plants! Plants) Plants) Plants | 

linfected) wilted jinfeeted| wilted 


July 27, 1917 .| Bean 33] 33] 33] 23] No apparent differ- 
| enee 
July 28, 1917 Bean | 33] 3-3] 3-3 No difference 
Tota | Total | 

Plants |number) Plants jnumber| 

jinfected of jinfeeted| of | 

| | spots | spots | 
August 6, 1917. . Buckwheat) 28 | 33 28 | The number of 
August 28, 1917. Buckwheat] 3-3 | 300 | 3-3 250 plants infected 


| | and the number 
| | | of spots are the 
| criteria for the 
| amount of infee- 


| tion 
February 24, 1918 | Buckwheat] 3-3 230 | 3-3} 295 | Under plants in- 
January 25, 1918 | Wheat | 23-24] | 19-21 fected 3-3 indi- 
January 28, 1918 | Wheat | 13-14 13-1 cates that three 
| | out of three plants ; 


were infected 


Some experiments (table 1) were conducted to show whether total 
darkness as compared with the light of the greenhouse in one case and the 
light of the headhouse in two other cases alters the total infection of the 
host plants employed, under the conditions of the experiments. The 
following pathogens and host plants were used in the experiments: Col- 
letotrichum lindemuthianum (Sacc. & Magn.) Bri. and Cay. on bean (Pha- 
seolus vulgaris L.); Ascochyta fagopyrum Thuen. et Boll. on buckwheat 
(Fagopyrum esculentum Moench.) ; Puccinia graminis Pers. on wheat (Tri- 

~ticum sativum Lam.). Both the bean and buckwheat experiments were 
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conducted in the headhouse mentioned above. In each experiment three 
plants were placed under a bell jar covered with black paper and three 
under a jar not so covered. The jars stood on a table before a window. 
The reason for using the headhouse instead of the greenhouse was that in 
the latter, during the time in which the experiments were running, the sun- 
light became so intense at times that under the high humidity of the 
bell jars the plants were liable to injury. The wheat experiments were 
performed in the greenhouse during the winter months when the sunlight 
was not so intense; in fact, cloudy weather prevailed most of the time. 
The other conditions of the wheat experiments were the same as those 
mentioned above except that there were more plants used. The experi- 
ments were repeated in each case and were run for twenty-four hours, 
after which the plants were removed to the greenhouse, where they re- 
mained until infection became evident. The temperature range was largely 
between 70 and 80° F. The results are represented in table 1. 

It seems fairly safe to conclude from these experiments that light in 
the infection chamber is not a limiting factor in case of the plants used. 
It is possible, however, that at the border temperatures and humidities 
light may manifest itself as a limiting factor. 


The carbon dioxide relation 


When plants are placed in a closed chamber there is an accumulation of 
earbon dioxide whenever it is not used up by photosynthesis. The extent 
of this accumulation depends upon the tightness of the chamber and the 
amount of circulation provided. The question arises as to whether the 
concentration of the carbon dioxide becomes sufficiently great in the in- 
fection chamber to become deleterious to the host and parasite. If there 
is an injurious effeet, it is possible that the effects are the same in both 
host and parasite, in which case there probably would be no change in 
the number of infections. There would be a greater accumulation of 
carbon dioxide at the higher temperatures, at least until the optimum for 
respiration was reached, and consequently the effects would be more seri- 
ous than at low temperatures. 

The chambers were not perfectly air-tight. This was indicated by the 
fact that whenever the electricity was cut off from the heating coils the 
fall in temperature was sufficiently rapid to show some interchange of 
air between the inside and outside of the chamber. The greater the dif- 
ferenees in temperature on the inside and outside, the greater would be 
the exchange consequently the tendeney for accumulation of COs at high 
temperatures would be compensated for (at least in part). It would 
seem therefore that the source of error from carbon dioxide injury would 
be slight if not negligible. 
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Influence of sudden change of temperature 


When the host plant and pathogen are introduced into the infection 
chamber they are subjected to a more or less sudden change of tempera- 
ture, especially when working at low temperatures. 

A number of investigators have studied the influence of a sudden change 
of temperature upon growth in flowering plants, with contradictory results. © 
Sachs (26) and Pedersen (22) conelude that the growth curve follows 
closely that of temperature. Koeppen (15), Askenasy (3), True (30), 
Price (23), and Lehenbaur (16) claim that the change itself has a tem- 
porary effect, the time varying from one-half to three hours, depending 
upon the investigator and the amount of change. The evidence seems to 
be in favor of the latter conclusion. How much this temporary effect 
may influence infection is not known. Eriksson (9) exposed aeciospores 
of Puccinia graminis to a temperature of 3°C. for two hours and then 
raised the temperature to about 20°C. He claims that such a change has 
a beneficial effect and increases the percentage of germination. Melhus 
(21) found that intermittent temperatures, whether changing from high 
to low or vice versa, tend to slightly check germination, but suggests that 
the small variation may be due to experimental error. 

Duff (6) found that urediniospores of Cronartium ribicola F. de Wal. 
(which become less viable with age and lose their power of germination in 
four weeks) which were placed in a refrigerator two weeks after collection 
germinated only in a small percentage, but a reduction in temperature 
stimulated a large increase in germination. Spores subjected to a sudden 
change of temperature three weeks after being collected were stimulated 
to a slight degree to germinate. 


The control of temperature and humidity 


On the whole, with the size of the chambers employed the temperature 
ean be kept within a variation of 1°F. The constancy .of the tempera- 
ture is greatly facilitated by the double chamber arrangement with two 
heating systems and by the use of fans both in the inner and outer 
chambers. 

The temperature control was limited by outside conditions. The cham- 
bers were situated in a potting room of a greenhouse where it was possible 
to maintain a fairly low uniform temperature during the winter. The 
temperature of the room could be altered by ventilation and the use of 
steam radiators. This arrangement was sometimes convenient when 
working at higher temperatures. 

The control of humidity was accomplished by means of open pans of 
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water or saturated salt solutions in combination with temperature 
manipulations. 

Humidities above 95 per cent were difficult to attain whenever the tem- 
perature on the inside of the chambers was much higher than that of the 
outside air, because of inequalities in temperature in the outside chamber. 
This difficulty was partly overcome by the use of an electric fan and by 
placing beakers of water on the heating coils. A device was developed 
during the later stages of the investigation by which it was possible to 
maintain a saturated condition of air. Instead of using the air heating 
coils as a source of heat a water heating coil was placed in an evaporating 
pan containing water, thus insuring a slightly higher temperature of the 
evaporating surface than of the air and consequently a saturated 
atmosphere. 

Whenever a lower humidity than 95 per cent was desired saturated salt 
solutions were used. An excess of salt insured a definite vapor pressure 
at a given temperature and hence a constant humidity. The wide range 
of vapor pressure of saturated salt solution made it possible to obtain 
almost any humidity desired. 

It is not possible to predict the exact humidity that will result from a 
given saturated solution. First, because the vapor pressure of the ma- 
jority of saturated solutions has not been worked out for the various tem- 
peratures; second, the vapor pressure of the entire system is altered by the 
introduction of plants. The leaf surface presents an evaporating surface 
very near that of pure water, tending to increase the humidity of the 
system. However, as soon as the system comes to an equilibrium, the 
bumidity becomes constant. It is possible by the inspection of the vapor 
pressure of the various salts at a given temperature to predict what salt 
to employ in order to obtain an alteration in humidity in the desired direc- 
tion. The humidities obtained from the various salts vary in the same 
direction as the vapor pressures of those salts. Some of the salts used are 
as follows:—Potassium sulphate with a vapor pressure of the saturated 
solution of 17.21 mm. mereury at 20°C., Barium chloride V.P. at 20°C. 
15.45, Sodium nitrate V.P. at 20°C. 13.7 mm., Cadmium chloride V.P. at 
20°C, 12.2 mm. 


Relative humidity as a unit of comparison 


As has been pointed out by Livingston and others, relative humidity 
is not a satisfactory unit of comparison whenever more than one temper- 
ature is employed. Livingston (18) suggests the use of vapor pressure 
deficit, which equals the difference between the maximum vapor pressure 
of water vapor at a given temperature and the actual pressure of water 
vapor in a given space at a given temperature. 
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METHODS AND MATERIALS 


The following pathogens and host plants were employed in these ex- 
periments: Collectotrichum lindemuthianum (Saec. & Magn.) Bri. & Cav. 
on red kidney bean (Phaseolus vulgaris L.) Puceinia graminis Pers. var. 
friticd? Erick on wheat (Triticum), and Ascochyta fagopyrum on buck- 
wheat, gray variety,(Fagopyrum esculentum Moench.). The fungi employed 
were all pure line strains to which the respective hosts were susceptible. 
An attempt was made to secure pure line strains of the host but this 
could not be done except in the case of wheat.’ 

The bean and buckwheat plants were grown in two inch pots and the 
wheat in an inch and a quarter pots in a greenhouse with a temperature 
ranging from 60° F. to 85° F. and relative humidity varying from 60 per 
cent to 85 per cent. 

Plants of the same age were used as far as possible. Some variation 
was inevitable, however, even under greenhouse conditions. The beans 
were usually from sixteen to twenty days old, the wheat from seven to 
ten, and buckwheat from twenty to twenty-four days old. An effort was 
likewise made to use spores of the same age. Here some variation oc- 
curred, due to the necessarily different conditions under which the organ- 
isms were grown. Colletotrichum was grown on bean pods, Ascochyta on 
potato agar, and the spores of Puccinia graminis obtained directly from 
pustules on the host plant. 

Twenty pots were used in each experiment, with one plant in each pot, 
except in case of wheat, where the number of plants varied from three to 
five. These cultures were divided into five series of four pots each and 
designated by the following symbols: Ch 1, Ch 2, Ch 3, F, and D. The 
plants in Ch 1 were taken direetly from the greenhouse when the particu- 
lar experiment was started, and placed in the infection chamber. The 
purpose of this series was to show whether or not any infection that oc- 
curred was due to spores that may have come in contact with the host 
before inoculation. The remaining four series were sprayed with a spore 
suspension from an atomizer (except in case of wheat) and used as fol- 
lows. The plants in Ch 2 were placed in a special chamber at tempera- 
tures and humidities known to be favorable for the development ‘of the 
disease. This proeedure was to determine whether the spores were viable 
and whether infection would take place if conditions were favorable. 
The plants of Ch 3 were dried immediately by means of an electric fan 
and left in the greenhouse as a check to show whether infection occurred 


’ The wheat seed for these experiments was furnished by Dr. E. C. Stakman. 
This strain was given the number 169 by him and was used because of its suscepti- 


bility to the attack of Puceinia graminis. 
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in the infection chamber or in the greenhouse. Series F consisted of plants 
placed in the infection chamber directly after inoculation and covered 
with a water suspension of spores. In series D the plants were dried at 
once and placed in the infection chamber. This series was employed to 
determine whether a film of water over the surface of the plants was es- 
sential to infection. Sometimes series D was omitted in the temperature 
experiments. 
TABLE 2 

Record of amount of infection on wheat plants by Puccinia graminis tritici at various 

low temperatures, the humidity being practically constant 


| 


EXTENT OF INFECTION 


Ch. 3! 


| Ch.l! Ch. 2! 


| pewe — DEPRES- RELA- 71 

BULB ITY Number) Number Number) Number 

infected | infected | infected | infected 
December 18, 1917. 53.0-52.6 | 0.4° | 97.5 | 12-342] 0-17 | 17-18 | 0-16 
December 19, 1917..... 53.0-52.6 | 0.4°| 97.5 | 828 | 020 | 1424] 0-16 
December 31, 1917.....| 52.7-52.2 | 0.5° | 97.0 | 943 | 0-24 | 22 25) 0-16 
December 21, 1917.....| 51.7-51.2 | 0.5° | 97.0 | 23-43 | 0-18 | 16-22) 0-20 
January 3, 1918... 50.8-50.4 | 0.4° | 97.0 | 2-30 | 0-15 | 18-22} 0-14 
January 10, 1918.....) 49.8-49.75 | 0.05°) 99.0 | 5-44 | 0-18 | 1920| 0-17 
December 10, 1917.....| 47.2-46.7 | 0.5° | 96.0 | 0-30 | 0-16 | 16-19 | 0-12 
January 6, 1918... 47.1-46.75 | 0.35°, 97.0 | 244 | 016 | 1920 | 0-16 
December 11, 1917. 17.0-47.0 | 0.0° 1100.0 | 1-40 | 0-20 | 17-25 | 0-22 
January 19, 1918. 46. 85-46.75} 0.1° | 99.0 | 1-41 0-22 | 25-35 | 0-22 
January 22, 1918.. 46.48-46.2 | 0.28°| 98.0 | 7-35 | 0-16 | 27-27] 0-16 
January 21, 1918.. 45.5-45.3 | 0.2°| 98.0+| 5-31 | 0-17 | 12-24] 0 26 
December 14 12.2-42.0 | 0.2° | 98.0+] 0-38 | 0-20 | 23-23} 0-14 

‘ An explanation of symbols is given on page 17. 
2 In this table the number of diseased plants is the eriterion of infection. 12-34, 


0-17, 17-18, 0-16, ete., means that 12 out of 34 plants, 0 out of 17, ete., were infected. 


The wheat was inoculated by removing the spores from pustules. of 
diseased leaves by means of a sealpel and spreading them on the wheat 
leaves. Ch 2 and F were then sprayed with water from an atomizer. 

The plants were allowed to remain in the infeetion chamber for twenty- 
four hours and were then returned to the greenhouse, where they remained 
until the disease developed. The time for the development of the dis- 
ease varied somewhat with the greenhouse conditions, but sinee the time 
is influenced little during the infection period it was not considered in 


recording data. 
infection to become manifest. 
days, wheat thirteen to twenty, and buckwheat ten to fifteen days. 


Sufficient time was allowed in each case for any possible 


Bean plants were allowed ten to fourteen 


| 
| 
| 
| | | 
| | 
| | 
| | | 
j 
| 
| 
| } 
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An electric fan was placed in the greenhouse in such a position as to 
blow a current of air between and above the plants in order to prevent 
the accumulation of higher humidities immediately around the plants. 
This procedure was found necessary in some instances to prevent infection 
of buckwheat. The bean and wheat never showed any tendency to the de- 
velopment of the diseases in the greenhouse. In one instance Ch 3 plants 
showed infection in case of wheat. 


TABLE 3 


Record of infection on buckwheat plants by Ascochyta fagopyrum at various low 
temperatures, the humidity remaining practically constant 


EXTENT UF INFECTION! 


| 
| 


F | Ch. 1 Ch. 2 Ch. 3 


| 


PSYCH ROME- 
TER READINGS 
FAHR, SCALE 


DATE OF 
INOCULATION 


| 


Number of plants 


lesions 
infected 
infected. 
lesions 
infected 


DEPRESSION OF WET BULB 
infected 


| RELATIVE HUMIDITY 

| Total number of 

| Number of plants 

| Number of plants 
Total number of 


| 
| 


5° 98.0} 7-8 | 52 | 0-4 | 442} Numerous] 0-4 


December 21, 1917 |59.50-59.15) 0.3 
December 22, 1917 |56.70-56.10) 0.6 
December 19, 1917 |56.10-55.40| 0.7° | 
January 14, 1918...|54. 25-54. 18) 0.07°| 


1 | Number of plants 


| 
January 7, 1918...|53.25-53.00} 0.25° 98.5 1-8 1 | 04/44 20 0-4 
December 11, 1917 48. 40-4800 0.4° | 97.0) 0-8 0 | 0-4 | 4-4 32 0-4 
January 22, 1918.../46.48-46.1 | 0.38° 97.0) 48} 15 | 44 100 0-4 
January 21, 1918.../45.60-45. 35] 0.25°) 98.5) 1-8 3 | O4 | 44 150 | O--4 
December 13, 1917 |42 8042. 60 0.2° | 98.5) 0-8 | 44 | Numerous} 0-4 
December 10, 1917 41.70-40.65) 1.05°) 92.0) 0-6 | 0 | O-4 | 44 | 36 | 


December 14, 1917 |38.00-37.80| 0.2° | 98.5) 0-8 | 0 | All dead | 0-4 
| | 


1 Two methods of measuring the amount of infeetion are employed in this table, 
for example. in column 1 under F the number of diseased plants is used as a basis, 
while in column 2 the total number of lesions occurring on all the plants marked F 
are given. 

2 All plants were wilted. 

* Infection on primary leaves only, 3 plants wilted, one leaf of remaining plant 
wilted. 


Influence of low temperature upon infection of wheat 


From table 2 it will be seen that wheat can become infected by Puceinia 
graminis at a temperature as low as 45.5° F. but the infection is very 
slight and rapidly decreases at temperatures below 45.5° F. In the single 
experiment run at 42° F. there was no infection. This experiment should 


| 
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95.5} 2-9 | 4 | 0-4 | 4-4 | 55 0-4 
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at least have been duplicated but the low temperature did not prevail at 
the time. However, the humidity was very favorable and the infeetion 
between this point and 50° F. was very slight. It seems therefore that 
45° F. is near the lower limit of infection. This point is only about 9° F. 
above the lowest temperature at which Johnson (13) was able to obtain 
germination of spores of Puecinia graminis. 

The amount of infection rises rapidly from within a few degrees of the 
lower limit to almost a fair average for the higher temperatures, indicating 
that there is no definite optimum temperature for infection. These results 
correspond to those obtained by Johnson (13) for germination of spores 
of Puceinia graminis. He found no definite optimum temperature when 
percentage germination was used as a basis for measuring the amount of 
germination. 


Influence of low temperatures upon infection of buckwheat by Ascochyta 
fagopyrum 


No infection was obtained in buckwheat below 45.5° F (table 3). An- 
other experiment at 42° F. and at high humidity should have been con- 
ducted as a further check upon the lower limit but the outside temperature 
was not sufficiently low to do so. Some variation in the amount of in- 
fection between 45° F. and 59° F. will be noted, and even an absence of 
infection in some cases. An observation of a certain phenomenon in con- 
nection with spore germination of the pathogen suggests a possible ex- 
planation of this variation. At times, and for reasons unknown, the fun- 
gus produced one-celled spores. Whether these spores are mercly imma- 
ture spores is not known, because old cultures sometimes contain them. 
These spores do not germinate nearly as well as the two-celled spores. 
At higher temperatures, however, they seem to produce infection. It is 
possible that these spores may fail to produce infection as the tempera- 
ture becomes less favorable. This problem needs to be solved. 


Low temperatures and infection of bean by C. lindemuthianum 


From table 4 it will be seen that the lower limit for infeetion of bean 
by Colletotrichum is 57°F. where the plants remain in the infection cham- 
ber for twenty-four hours. It is possible that if this time were extended, 


a lower limit might be obtained. 
The rise in the amount of infeetion here as in case of wheat and buek- 
wheat is rapid. Exeellent infection was secured at 63° F. 


| 
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Infection of wheat at higher temperatures by P. graminis tritics 


The highest temperature at which Puccinia graminis will produce infee- 
tion in wheat (table 5) is 80° F., at least under the conditions of the experi- 
ment. This temperature is 7.8° F. below the maximum at which the 
spores will germinate. It is possible that in a saturated atmosphere this 
temperature might be raised. It seems probable, however, that the 
highest temperature at which infection will take place is below the maxi- 
mum for germination. 

TABLE 5 
Record of infection on wheat plants by Puccinia graminis at various high temperatures, 


the humidity remaining practically constant 


EXTENT OF INFECTION! 


I D Ch.1 | Ch.2 | 
| = 8 
Avigust 25, S82. 4-81. 70| 0.7° 0-4] O04] 
September 3, 1917..... .|82.0-81.30) 0.7° |97.04+| 0-4 | | 
August 28, 1917......... [81.5-81.10| 0.39°98.5 | O-4 | 
September 28,1917........ 80. 8-80.00] 0.8° |97.0 | O-4) O4) 0-4 
September 24, 0.9° O-4 | 1-4) O+4 | | 0-4 
September 27, 1917.......|80.0-79.00) 1.0° |96.0 | 1-41 O4] | 0-4 
| lng ~ | | 
September 29, 1917...... |78.0-77.00 1.0° (96.0 1-5 0-4 


1 In these experiments the number of plants diseased was not counted (there be- 
ing 3 to 5 plants in each pot), but the number of pots in which infection occurred 
was used as basis of measurement. 

2 Explanation of symbols is given on page 17. 


Infection of bean at higher temperatures by C. lindemuthianum 


The highest temperature at which infection took place in bean was 
80° F. (table 6). With both wheat and bean a large number of experi- 
ments were run at temperatures above 80°. The increase in the number 
of plants infected was rapid as the temperature was lowered. The range 
covered is not sufficient to show the same decided increase in the amount 
of infection. One finds this suggestion, however, in the data. 

This maximum temperature for infection falls 7.8° F. below the tem- 
perature at which Edgerton finds Colletotrichum to grow in culture 
media. 
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Infection of buckwheat at higher temperatures by Ascochyta fagopyrum 


The upper limit for the growth of buckwheat appears to be about 100° F. 
(table 7). Most of the plants collapsed after having been in the infection 
chamber at this temperature for twenty-four hours. Yet in one instance 
typical Ascochyta lesions appeared on plants that survived. I have ger- 
minated the spores of the fungus at a temperature of 106° F. The maxi- 
mum temperature for germination has not been determined. Some ex- 


TABLE 7 
Record of infection of buckwheat by Ascochyta fagopyrum at various high temperatures 
and within the humidity range at which infection takes place 


EXTENT OF INFECTION 


Ch. 2 


~ | 
| 

= 

w 


| 
| 


PSYCH ROME- 
DATE OF INOCULATION |TER READINGS 
| FAHR. SCALE 


Number of plants 
Total number of 


DEPRESSION OF WET BULB 


Total number of 
Number of plants 
Total number of 
| Number of plants 


RELATIVE HUMIDITY 


| | per | | 
| | cent | | | | 
March 12, 1918... .|100.0-100.0) 0° |100.0) 2-11") 2) | — | 37 0-4 
Mareh 13, 1918... ./100.0-100.0 0° 0-8" | | — | 0-48 119 
August 3, 1917.....] 97.7 95.2)2.5°) 91.5] | Sev- |I-4/ Few) 0-4 |4-4) Nu- [2-4 
| | | eral | | | | | mer- | 
| | | | | | ous | 
September 27, 1917) 93.3- 90.82.5°) 91.5) I-4 3 4-4) 90 0-4 
September 28, 1917) 92.6~ 90.3/2.3°) 92.0] 1-4 5 2/04 24 [0-4 
September 6, 1917 91.0- 88.03.0° 89.0 3-4 10 |1-4| 2|0-4 |4-4) 117 


! Four out of 11 plants were dead. Remaining were all injured. 
* All 4 plants were dead at end of infection period. 
5 Seven out of 8 plants were dead. 
* Two plants dead; 2 remaining plants injured. 
> These plants show infection but they were at the end of the greenhouse, where 
there was dropping from the roof, 


periments were conducted at temperatures above 100° F., but the plants 
always died. 

The limits of temperature at which infection by Ascochyta occurred in 
buckwheat were wider than in wheat and bean. In the latter two the 
maximum temperatures for growth are higher than for infection. It is 
possible, at least in case of beans, to grow them at temperatures unfavor- 
able for the fungus and thus escape the losses due to this disease where 


the other conditions for its development are favorable. 
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Infection of buckwheat at various humidities by Ascochyta fagopyrum 


In table 8 is shown the infection of buckwheat at various humidities, 
the temperature remaining nearly constant. The lowest humidity at 
which infection has been observed to take place on buckwheat is 91 per 
cent. The humidity rises to 94.5 per cent where the plants were dried 
before placing them in the chamber. It will be noted, however, that con- 
siderable infection took place at this humidity. This table not only shows 
that infection ean take place at the temperatures considered, within a 


TABLE 8 


Record of infection on buckwheat by Ascochyta fagopyrum at various humidities, the 
temperature remaining practically constant 


EXTENT OF INFECTION 


= = — —|—| —| —|— |—_|— 
November 15, 1917....... ....{77.1-76.2! 0.9°196.3 34) 23 3-4) 110-444 321 0-4 
November 20, 1917....... 77.6-76.3) 1.3°95.0+/2-3) 12)3-4) 57 0-4 
November 13, 1917..... ..|78.0-76.0} 2.0°|91.0 |1-4| 0/04/44) 54 [0-4 
November 8, 1917...... .|78.7-76.9} 1.8°)91.5 0-4 00-4 00-44-4100 
November 27, 1917....... ....|77.3-75.2| 2.1°/90.6 |2-4| 4/04) 0j0-4/4-4) 55 
October 4, 1917......... .|77.1-74.5) 2.6°89.0 [0-4] 0/0-4) 37 [0-4 
October 8, 1917...............|77.2-74.7| 2.5°89.0 |0-4) 46 


! Plant wilted (lesions not counted). 


range from 91 per cent to 100 per cent humidity, but that a film of water 
covering the leaf surface is not essential to infection. 

The question may arise as to the possible presence of a film on the leaf 
surface at such high humidities. It has been observed throughout these 
experiments that plants placed in the chamber with a film covering the 
leaf surface are dry when removed at the end of twenty-four hours. Since 
the chamber is always run at a temperature above that of the surround- 
ing atmosphere, evaporation must always take place because under these 
conditions saturation is rarely ever reached. The only edses where a 


condition of saturation has been observed are at the lowest temperatures. 
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Infection of wheat at various humidities by P. graminis tritici 


The range of humidity for infection in wheat (table 9) is a little nar- 
rower than it is for buckwheat. The lowest humidity at which infection 
has been observed is 95 per cent. No infection takes place at 92 per 
cent and below. The same general difference is observed between the 
plants with a film and those without. The dry plants require a slightly 
higher humidity. 

TABLE 9 
Record of infection of wheat by Puccinia graminis tritici at various humidities, the 
temperature remaining practically constant 


| EXTENT OF INFECTION 
| 
| 


| | | Ch.1| Ch.2 | 
| PSYCH ROME- a 2 = 
FAHR. SCALE | = a =a 
| t = a | Og | Sy | Sy | Sy | Sy 
2 | 52 | 58 | 5S | | 55 
February 18, 1918.......| 70.0-69.6 | 0.4° | 98+ | 12-15) 15-17} 0-27 | 22-22) 0-25 
March 7, 1918...........| 68.9-68.4 | 0.5° | 97 5-22} 5-17) 0-26 | 14-18) 0-17 
March 8, 1918...........| 68.2-67.3 | 0.9° | 96 5-16) 2-19) 0-16 | 10-15) 0-13 
February 24, 1918.......| 67.5-66.7 | 0.8° | 96— 8-19} 3-16) 0-20 | 28-29) 4-24! 
March 4, 1918..........| 68.9-67.9 | 1.0° | 95 7-16) 3-13), 0-15 | 10-11} 0-12 
March 10, 1918..........| 68.0-67.0 | 1.0° | 95 6-17; 0-17) 0-18 8-11) 0-17 
November 17, 1917...:..| 68.0-66.5 | 1.5° | 93 0-16} 0-15) 0-17 
November 22, 1917......} 68.2-66.7 | 1.5° | 93 0-15} O-14) 0-12 | 12-17) 0-14 
November 28, 1917......} 68.5-67.0 | 1.5° | 98 O-15} 0-15) 0-15 | 14-18) 0-14 
November 12, 1917......| 68.1-65.6 | 2.5° | 88 0-20; 0-17) 0-18 | 12-16) 0-19 
December 3, 1917........ | 68 .0-65.3 | 2.7° | 88 0-14) 0-16) 0-17 | 11-15) C-13 


! In this case Ch 3 showed slight infection, the only case ever recorded on wheat. 


The temperatures at which the humidities were studied were arbitrarily 
selected, after considerable preliminary work. These temperatures were 
thought to be within the limits of the optimum. 


Influence of humidity upon infection of bean by Colletotrichum 
lindemuthianum 


The lowest humidity at which infection took place in bean is near that 
of wheat. The data in table 10 do not show any infection at 95 per 
cent humidity, but only one experiment was run at this humidity. Nega- 
tive results were also obtained with wheat at 95 per cent humidity. 
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A large number of experiments were run at humidities above 95 per 
cent. The data given in the table are representative of the results ob- 
tained. A large number of experiments were conducted at humidities of 
92 per cent and below. 

There is a rapid rise in the number and extent of infections from 95 
per cent up to 100 per cent. At 97 per cent humidity, the highest hu- 
midity given in the table, the amount of infection approaches closely that 
in Ch 2, where saturation was attained at least part of the time and where 
the film over the leaf was maintained throughout the infection period 
due to precipitation because of alterations in temperature. The tem- 
peratures in Ch 2 varied largely between 65° F. and 75°F. The same 
influence of the presence of a film is to be noted as in the wheat and 
buckwheat. 


DISCUSSION AND CONCLUSIONS 


Heretofore the study of the effects of temperature upon the relation of 
parasite to host has been limited largely to the influence of temperature 
upon the growth of the fungus and the germination of the spores. In a 
few cases the effects of temperature upon the development and extension 
of diseased tissue has been studied (Ball (4), Brooks and Cooley (5) ). 
This phenomenon is largely one of growth and seems to obey, in the main, 
the Van’t Hoff law. The growth of the fungus behaves in the same way 
(Tisdale (29), Brooks and Cooley (5) ). 

A number of methods have been employed to measure the effect of 
temperature upon germination, with varied results. In some cases it 
would seem that all the factors involved were not considered. 

The extension of the germ tube and the development of mycelium have 
been used as a basis for the study of the influence of temperature upon 
germination and infection (Johnson, E. C. (13), Wiesner (30), Balls (4), 
ete.). Here one is dealing with a growth phenomenon, and when food is 
not a limiting factor one would expect the behavior of this phenomenon 
towards temperature to be the same as found among flowering plants and 
the growth of fungi in culture media. For every increase of 10°C. (within 
certain limits) there would be a doubling or trebling of growth in a given 
time (Tisdale (29), Brooks and Cooley (5), Edgerton (7) ). 

The time required for germination has been used as a measure of the 
influence of temperature. The results have been rather uniform, and 
there has been a general shortening of time with an increase of temperature 


to a more or less optimum temperature in the same proportion as de- 
manded by the Van’t Hoff law (Anderson (1), Hecke (12), Wiesner (51), 
Ravaz (24), Melhus (21), Shapovalov (27)). Ames (2) obtained varied 
results with different species. In some cases the optimum is very broad, 
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while in others the time is shortened with an increase of temperature to a 
rather definite optimum. 

Where percentage germination has been used as a criterion for measur- 
ing the effects of temperature, fairly uniform results have been obtained. 
The optimum, as a rule, is broad, as one would naturally expect if suf- 
ficient time were allowed at the lower temperatures for germination to 
take place. If a shorter time were used different results might be expected. 

.Melhus’ (21) results with the spores ef Phytophthora infestans show a fairly 

broad optimum (5° to 13°C.) where he used the number of cultures in 
which germination occurred as a basis of measurement of the temperature 
effects. It is sharper, however, than that obtained by other investigators. 
Where he used the percentage germination in the various cultures as a 
criterion, there was a gradual rise in percentage from 5° to 13°C. He 
states, however, that there was a variation from 13 to 80 per cent in 
germination at the optimum. This fact may account for the difference in 
the two curves. Ames (2) abandoned percentage as a basis of measuring 
the effects of temperature upon germination because her results were not 
uniform. Anderson (1) found the percentage germination of the spores 
of Cylindrosporium scoparium Morg. was almost total between 12° and 
30°C., ranging between 95 and 100 per cent. Johnson (13) did not ob- 
tain a definite optimum temperature for Puccinia graminis by percentage 
germination, there being no uniformity between 9° and 25°C. 

From these results it would seem that the number of spores which 
germinate does not rise with an increase in the temperature to a definite 
optimum, but that the range at which a large number of spores will germi- 
nate is wide. One would expect, then, that there would be a wide range 
of temperature at which the number of infections that would take place 
would not vary much if sufficient time were allowed for the spores at lower 
temperatures to cause infection, providing some other factor did not enter 
in. This view corresponds to the results of the present experiments (tables 
2, 3, and +). Some experiments were conducted between the tempera- 
ture limits given in the tables with results which conform to this conclu- 
sion. These results have also been confirmed by Ravn and Fromme 
(pages 11 and 12). 

An understanding of this phenomenon is important wherever the num- 
ber of lesions, such as in leaf spots, fruit spots, ete., is responsible for the 
chief loss due to diseases. If there were a definite optimum, the number of 
lesions that would develop would gradually decline as the temperature 
was lowered from the optimum. The infection phenomenon viewed in 
this light implies a different attitude towards control measures. Not 
only must the degree of temperature be considered, but the time to which 
the host plant is exposed to conditions of infection, in connection with 
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the number of infections that take place as well as the development and 
extension of a particular lesion. 

Some incidental data obtained in the present investigation in connec- 
tion with infection of bean by C. lindemuthianum near the lower tempera- 
ture limit indicate that the time element is important. The data point 
to a lower temperature limit for infection where forty-eight hours were 
used for an infection period than where twenty-four hours were used. 

From the data presented, an interesting relation between host and 
parasite is brought out. The temperature ranges for host and parasite 
are not identical in any of the cases. The temperature range for growth 
of bean and wheat is wider than for the germination of spores and of 
infection by C. lindemuthianum and P. graminis.. The maximum temper- 
ature for infection by the two pathogens is about the same in the time 
employed (tables 5 and 6) while the lower limit for infection by P. gram- 
tnis (compare tables 2 and 4) is lower than for infection by C. lindemu- 
thianum. The upper temperature limit for the growth of bean is higher 
than for germination of the spores of and infection by C. lindemuthianum, 
which fact has made possible the control of anthracnose in the Southern 
States. The optimum temperature for the growth of bean is probably 
higher than that of wheat. 

The exact temperature ranges for Ascochyta and buckwheat have not 
been determined. There is no indication as to which has the wider 
range. Their ranges do not coincide, because buckwheat is killed at a 
temperature at which infection takes place and below the maximum tem- 
perature for germination of spores of Ascochyta (table 7). These relations 
are all important in connection with control measures. 

The variation in the amount of moisture in the air in different regions 
is probably important in the distribution of diseases over the earth’s sur- 
face. The absence of certain diseases in semi-arid and arid regions where 
agriculture has been practiced for long periods of time may be due in part 
to the small moisture content of the air. 

Seasonal variation in the moisture content of the air plays an important 
part in determining the amount of disease that may develop. 

In the course of the present investigation (compare tables 8, 9, and 10), 
a variation in the humidity in the air required for infection for the indi- 
vidual plant has been exhibited. Infection occurred at a slightly lower 
humidity in buckwheat than in case of bean and wheat. As mentioned 
earlier, it Was necessary to provide for circulation of air about the bueck- 
wheat plants to prevent infection in the greenhouse. This same provision 
was found requisite in a few experiments condueted with Septoria lyco- 
persic? Speg. on tomato. The tendency for infection to take place in the 


greenhouse was more marked with tomato than with buekwheat. 
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The degree of humidity in the general environment of the plant may be 
an inaecurate criterion of the amount of moisture required for infection, 
at least when there is little air movement. The air movement created by 
an electric fan over a bench in the greenhouse has been sufficient to pre- 
vent infection of buckwheat by A. fagopyrum and of tomato by S. lycoper- 
sici where in its absence infection took place. The higher humidity in 
the immediate environment of the plant may be of considerable significance 
in connection with infection in nature. 

Just how the spore upon the plant surface obtains sufficient moisture 
for germination and infection is an unsolved problem. Within certain 
limits of humidity, that is, where the evaporation is not too great, the spore 
is able to absorb sufficient water for germination. The absorption may 
be from the host plant, at first by imbibition and later by osmosis. It is 
possible that in the depressions of the leaf surface and especially immedi- 
ately above the stomata a higher humidity prevails which may afford 
sufficient moisture for germination. 

There is a possible relation to hairiness because the juvenile leaves of 
buckwheat have more hair than the secondary leaves and seem to be 
infected more readily (the data contained in the tables are from the see- 
ondary leaves). The secondary leaves of the bean are more pubescent 
and seem to be infected more easily at the limiting humidities. The hair 
would tend to prevent evaporation and increase the humidity at the leaf 
surface. 


SUMMARY 


The lower temperature limit for infection of wheat by Puccinia graminis 
tritici is somewhere near 42°F. The amount of infection rises rapidly 
and at 53° F. it approaches the average for higher tetnperatures. 

The lower temperature limit for infection of buckwheat by Ascochyta 
fagopyrum is about 45° F. There is some variation in infection between 
this temperature and 59° F., possibly due to the one-celled spores some- 
times produced in culture. 

The lower temperature limit for infection of bean by Colletotrichum is 
about 57° F. This limit may be influenced by the time the plants are in 
the infection chamber. 

The upper temperat re limit for infection of wheat is 80° F. 

The maximum temperature for infection of buckwheat by Ascochyta 
is about 100° F. At this temperature buckwheat plants are injured or 
killed. 

The upper temperature limit for infection of bean is 80° F. With the 
decrease of temperature there is a rapid increase in the number of plants 
infected. 
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There seems to be no definite optimum temperature for infection in 
the hosts and parasites used where the number of infections is used as a 
measure of the amount of infection and sufficient time is allowed for the 
fungi to establish a relation with the hosts. 

The range of humidity for infection of buekwheat varies between 90 
per cent and 100 per cent. Where the plants are dried off before being 
placed in the infection chamber, it varies between 94.5 per cent and 100 
per cent. 

The humidity range for infection of wheat is between 92 per cent and 
100 per cent. The lowest humidity at which infection has taken place 
is 95 per cent. The range for the dried plants is a little narrower. 

The range of humidity for infection of bean lies between 92 per cent 
and 100 per cent. 

A film of water covering the leaf surface is not essential to infection. 

BuREAU OF PLANT INDUSTRY, 

Wasuinaton, 
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SOME POTENTIAL PARASITES OF THE POTATO TUBER'! 
M. SHAPOVALOV 
Puates II anp III Two FIGures IN THE 


The major portion of the fungous flora is composed of organisms whose 
connection with any known disease has not been shown. Such fungi are 
generally spoken of as saprophytes. The application of this term, how- 
ever, should often be regarded as an expression of our incomplete knowledge 
of the microorganisms so grouped rather than as a correct naming of their 
actual characteristics. The possibilities of aggressiveness on the part of 
saprophytic fungi and the significance of the constant association of some 
of them with certain higher plants have not reeeived an exhaustive and 
adequate study. Moreover, there is some evidence that certain organisms 
regarded as saprophytes are endowed with what may be termed a “ poten- 
tial parasitism.”’ Though their activities under ordinary conditions may 
be restricted to the decomposition of dead material, there may arise a 
combination of circumstances which will enable them to invade living 
tissues. The degree of their virulence in such a case will naturally vary 
with the change of environment. 

Edson and the writer? have recently demonstrated this phenomenon with 
regard to potato-stem lesions. When uninjured potato plants were inoc- 
ulated with pure cultures of various fungi, among which were several or- 
ganisms unsuspected of parasitism, the latter produced as severe lesions 
as those caused by such well recognized parasites as Fusarium and Rhizoe- 
tonia. And yet, they have never been obtained in prevailing numbers 
in isolation plates from diseased field material, a fact which seems to indi- 
eate that under the existing natural conditions they are probably of minor 
importance. 

This paper presents an account of inoculation experiments on potato 
tubers with pure cultures of Penicillium oxalicum, Aspergillus niger and 
Clonostachys rosea. These fungi are not generally considered to be para- 
sitie on potato tubers, although not infrequently they may be found on 
them either in wounds or in decaying areas attributed to other organisms. 


' The writer is indebted to Dr. H. A. Edson for many valuable suggestions and 


criticisms of this paper. 


2 Kdson, H. A., and Shapovalov, M., Potato-stem Lesions. In Jour. Agri. Res. 
14; No. 5, pp. 214-219, pls. 24-26, Washington, D. C. 1918. 
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The results of the experiments show the possibility of an actual parasitism 
on the part of these fungi. 

Methods of inoculation. All inoculations, except when specifically men- 
tioned otherwise, were performed with Irish Cobblers, which were grown 
in Aroostook County, Maine, and stored during the 
winter months in Washington, D. C. The tubers were 
washed and disinfected in a 0.5 per cent formaldehyde 4 
solution. Wounds in different series were made in one 
of four ways (a) needle pricks, (b) cork-borer channels, 


(ce) deep. sealpel-incisions, and (d) shallow scratches 
on the surface. Mycelium two to three days old pro- 
duced from spores in broth or on fresh potato-agar Bes 
plates, which gave excellent results, was employed as UY 
inoculum in most of the experiments. The mycelium \\ 
was inserted in the wounds, and the tubers were im- \\ 
mediately placed in stone jars with one layer of blot- : 
ting paper on the bottom and one on the top. The 
paper Was previously soaked for a few minutes in boil- 
ing water and cooled down to the room temperature. 4% 
The jars were kept in a laboratory cabinet at a tem- 

perature of about 25°C. throughout the period of — \4/p/ 
The different groups of the inoculated \/ : 


incubation. 
material were kept in separate jars. 
Penicillium oxalicum Currie and Thom* 
(Culture no. 1006, text figure 1) 


This Penicillium was isolated by the writer in Jan- 
uary, 1918, from a brownish area at the stem end of a 
The material had been shipped from 


Fic. 1. A CAMERA 
potato tuber. 

Maine the previous season and stored in barrels at) op, Pp. oralicum. 
Arlington Farm, Va. The same fungus was isolated Cexrcre No. 1006 
from an Irish Cobbler tuber sent from Maine by mail Showing conidi- 
in the early part of June, 1918. This tuber had a_ ophores, verticils, 
brown patch extending a few millimeters into the flesh sterigmata and 
with a moderate amount of spores on the surface. As 

combinations. 
no significance was attached by the writer to the oe- eeeauiegenge 

A tH. 
currence of Penicillium on the potato tubers prior to 
this work, no data have been collected regarding the real importance of 


P. oxalicum in nature. In artificial inoculations this fungus caused a 


The writer's culture was identified by Dr. Charles Thom and Miss Margaret 
B. Church of the Bureau of Chemistry, U. 8. Department of Agriculture. 
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distinct progressive rot. Infection took place quite readily, leading to 
a characteristic soft, dark-brown decay. Not infrequently a zonation of 
darker and lighter areas developed. Spores were formed in abundance 
over the surface of the diseased areas. 

Six tubers were inoculated in shallow wounds, two to each tuber. In 
two weeks every inoculation gave positive results, the decaying areas 
reaching 15 mm. in depth and 20 mm. in diameter. A small amount of 
white mycelium was formed inside these areas (plate II, A). The tubers 
were kept in the jars four additional weeks, but the further progress of 
the deeay was considerably slower. In another series four tubers were 
inoculated in deep sealpel-wounds and a severe soft decay resulted, aver- 
aging 25 to 35 mm. in diameter after three weeks. Hollowed spaces lined 
with white myeclium developed in the center of the decay (plate II, B). 
The further progress of the rot was much less rapid. The ability of the 
fungus to penetrate the uninjured surface of the tubers was also tested. 
Four tubers pricked with a needle and five unpricked were placed in a 
stone jar and dusted abundantly with the spores of P?. oxalzcum. In three 
weeks a progressive rot developed in two of the pricked tubers, destroying 
from one-third to one-half of their substance. No rot could be seen on 
the remaining pricked tubers nor on any of the uninjured ones, except that 
the young sprouts in many instances were affected and killed, with a 
profuse fruiting of the fungus on their surfaces. Reisolations in each 
series yielded pure cultures of P. oxalicwm. 

An inoculation experiment was also carried on with new tubers of the 
Irish Cobbler variety grown at Arlington Farm, Virginia, and used three 
weeks after digging. Seven tubers each bearing two shallow wounds were 
inoculated with a few days’ growth of the fungus and two weeks later 
eleven wounds out of the fourteen developed into the characteristic de- 
caving areas. The size of the latter varied from 6 to 17 mm. in depth and 
from 12 to 30 mm. in diameter. The control tubers remained sound. 
Reisolation cultures were not made from this material but the decay was 
typical of P. oxalicum in all respects. 

On the underground portions of the growing potato plants this fungus, 
when artificially inoculated without wounding, produced dark depressed 
lesions in some cases and only a mild infection in others. 

The writer had also two other undetermined species of Penicillium from 
potato tubers (cultures nos. 1007 and 1008). They were tested at the 
same time, by the same method and under the same conditions as P. 
oxalicum but in no ease did the rot occur, although the material was 


incubated nearly two months. 
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Aspergillus niger Van Tiegh! 
(Culture no. 1001) 


The fungus was isolated in December, 1917, from spores present in 
abundance in deep, dry pits of potato tubers sent from New Jersey for : 
identification. The resemblance of these pits to “‘deep-scab” suggested ; 
that A. niger on this material, was probably secondary. Similar material 
was under the writer’s observation in 1915 during his connection with 
the Maine Agricultural Experiment Station. These latter specimens were 
sent to Dr. W. J. Morse from a point in Vermont as samples of a peculiar 
“deep scab.”’ No instance of pure Aspergillus rot occurring in nature has + 
been seen by the writer. The results of the artificial inoculations were 
somewhat variable. While some tubers remained uninfected a quite de- 
structive decay developed in others of the same lots. The affected are: 
was yellow to light-brown in color, somewhat spongy in texture, fre- 
quently with beaded spongy strings of mycelium in the center of the 
decay. Fruiting was abundant on the surface and in some cases also 
inside. 

Four tubers were inoculated in deep sealpel-wounds and three weeks 
later two of them showed a large area of decay (plate I], D). The other 
two remained uninfected. Another lot of six tubers was inoculated in 
shallow surface wounds and two weeks later four of them showed decay- | 
ing areas averaging 15 mm.in depth and 20 mm.in diameter (plate II,(C). . 
The tubers were kept two weeks longer and the rot in the four affected 
tubers progressed to about the same degree as in the preceding test. A 
small amount of rot was evident in one of the two previously uninfected 
tubers, but one tuber still remained sound. The fungus was recovered in 
pure cultures from the areas showing rot. In a third series, four tubers 
covered with needle pricks and five uninjured ones were smeared with 
the spores of the fungus. In no case did the rot develcp sufficiently to be 
observable macroscopically. 

Seven new tubers of the variety Irish Cobbler grown at Arlington farm 
were wounded superficially and inoculated three weeks after digging, myce- 
lial growth of a few days being employed as inoculum. Only five wounds 
out of fourteen showed decay ranging from 5 to 10 mm. in depth and from 

; 10 to 28 mm. in diameter. 

A few trial inoculations with this fungus, of unwounded potato stems 
below ground, resulted in a slight browning of the portions where the 
culture was applied but distinet lesions were not obtained. 


* The writer's identification was verified by Dr. Charles Thom of the Bureau of 
Chemistry, U. S. Department of Agriculture. 
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Clonostachys araucaria var. rosea Preuss® 
(Culture no. 401, text figure 2) 


This fungus was repeatedly isolated by the writer in 1916 and 1917 
from stem lesions and from decaying potato tubers in Maine, from seed 
tubers planted in the greenhouse in Washington, D. C., and also, in 1918. 
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Fiq. 2. A Camera LuctpAa DRAWING oF C. rosea, CULTURE No. 401 


Showing a diversity of spore groups as produced in potato-agar plates. The 
larger figure in the center about X 500, and the remainder about & 250. 


5 The writer's culture appears to correspond closely to Saccardo’s description of 
C. araucaria var. rosea Preuss. (Sylloge, 4: 165). Characteristic spikes are always 
present along with a variety of other spore groups due, probably, to the unnatural 
conditions of artificial cultures, since the results remained constant after several 
replatings in which high dilutions of spores were employed. This fungus was used 
in the previous inoculations of the potato stems as Clonostachys sp. (Edson and Shap- 


ovalovy, l.c.) 
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from stem-end discolorations of the tubers grown at Arlington Farm, Va. 
About 100 tubers ineluding Irish Cobblers, Green Mountains, Bliss Tri- 
umph, and Eureka varieties and a number of growing stems were inocu- 
lated in series at different times with uniformly positive results. Both 
mature and green tubers showed practically equal susceptibility. It 
should be stated, however, that all the successful inoculations of the 
tubers were those which were made in more or less deep ‘incisions while 
the inoculations in shallow wounds usually produced no effect. Inocula- 
tions on unwounded stems produced light brown lesions, irregular in out- 
line and somewhat depressed. 

In tubers the progress of the decay was very slow, the diameter of the 
diseased areas three to four weeks after inoculation averaged only about 
0.5 em. The appearance and the nature of the rot is very character- 
istic. The host tissues killed by the fungus form dark, compact, dry 
layers, adjacent to the healthy tissues, accompanied almost invariably by 
cavities in the center of infection. Later on, as the rot progresses, other 
layers of dead tissue and other cavities are formed (plate II, E). When 
the inoculum is placed in the hole made with a cork-borer and the plug 
is replaced, the destruction usually takes place at the bottom of the 
hole, the cavity gradually enlarging in size, while the outer portions of the 
tuber and the plug frequently remain unchanged (plate III, A). In a 
number of cases the fungus penetrated the cambium layer and then 
spread much beyond the area invaded in the parenchyma (plate IT, F). 
On the other hand, numerous attempts to induce invasion of the vascular 
system of growing stems with subsequent symptoms of wilt, were unsuc- 
cessful whether the inoculum was applied to the soil, to the seed tubers, 
or to the normal, wounded stems themselves. However, when stems were 
cut off and immersed in a suspension of spores, they wilted and withered 
after three days while the check stems kept in water remained green and 
turgid for a week or longer. Browning of the vascular system was pres- 
ent to some extent in the wilted stem and the fungus was recovered there- 
from. It was reisolated also a number of times from the artificially induced 
tuber-rot. 

Similar experiments were carried on with an unidentified species of 
Verticillium (Acrostalagmus? Culture no. 411), which gave essentially the 
same results, exeept that the amount of rot was notably smaller (plate 
III, and D). 

In order to obtain a standard of comparison for estimating the amount 
of damage caused by the fungi discussed in this paper tubers were simul- 
taneously inoculated with these organisms and with Fusarium radictcola, 
unquestionably a serious wound-parasite of the potato. The inoculum was 
introduced in deep sealpel-incisions similar to those employed in the other 
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series. The amount of rot produced in the period of three weeks is shown 
in plate III, B. It can be seen at once that the largest area of decay pro- 
duced in any one individual tuber by A.n7zger nearly equals that caused by 
F radicicola, while P. oxalicum falls somewhat below the mark set by that 
organism and C, rosea lags behind by a far greater amount. On the other 
hand, considering the per cent of infeeted wounds and tubers, we find that 
under the conditions of the above experiments the damage caused by A. 
niger, in the aggregate, is much less serious than that caused by P. oxali- 
cum. Thus when the inoculum was introduced in the wounds the per- 
centages of infection with A. nzger were 50, 83, and 35, while in the cor- 
responding series with P. oxalicum they were 100, 100 and 78. In ease 
of tubers pricked with a needle and dusted with the spores of these fungi, 
P. oxalicum caused infection of two out of four tubers while A.ndger pro- 
duced no rot whatever. 

The characteristic appearance of the cheeks both with deep and with 
shallow wounds in all the above experiments is illustrated in plate ITT, 
Ee and F. 

The foregoing experiments indicate that there are unrecognized dor- 
mant enemies of our crops which hitherto have received scant study but 
which deserve greater attention. Their economic importance at the 
present time may not be great, but their potentialities as demonstrated 
by the laboratory tests, are quite menacing. The organisms possessing 
such tendencies and abilities may well become active agents of destruction 
in nature. It is not imprbable that such transitions to parasitism have 
taken place in the past and that with a better knowledge of saprophytic 
microorganisms we shall be able to see the real significance of some so- 
called ‘new’ diseases. 

In this connection it will -be of interest to note a statement made by P. 
J. Anderson in his recent paper on Cylindrocladium scopartum Morg.;® 
namely, that ‘‘ previous to 1917 this fungus had not been reported as a 
parasite.”’ Of course, there are no means at our disposal which would 
enable us to disclose whether the parasitic activities of this organism ex- 
isted in the distant past or not. However, it is quite possible and proba- 
ble that its aggressive faculty has developed with the progress and exten- 
sion of the greenhouse culture of roses. The very fact that it causes a 
serious disease of greenhouse roses is quite noteworthy. 

Bureau or INpbustrRy, 

WasHINGToNn, D. C. 


6 Anderson, P. J., Rose Canker and its Control. Mass. Agr. Exp. Sta. Bul. 183, 
1146, pls. I-IEL. 1918. 
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PLATE II 
(Slightly reduced) 


A and B. Tubers inoculated with Penicillium oxalicum: A, in shallow wounds, 
two weeks after inoculation; and B, in deep scalpel-wounds, three weeks after inocu- 


lation. 
Cand D. Tubers inoculated with Aspergillus niger; time and characters of wounds 


respectively the same as for A and B. 
7 and F. Tubers inoculated with Clonostachys rosea in deep needle-pricks: E, 


maximum amount of rot eight weeks after inoculation; #, average amount of rot 


four weeks after inoculation. 
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PLATE II] 


(Slightly reduced) 


A. Tuber inoculated with Clonostachys rosea in wounds made by a cork borer, 
three weeks after inoculation. 

B. Tuber inoculated with Fusarium radicicola; deep sealpel-wounds, three weeks 
after inoculation. 

C and D. Tubers inoculated with Verticillium sp., Culture no. 411, deep needle- 
pricks, three and eight weeks after inoculation respectively, 


Band F. Cheeks, shallow wounds and deep needle-pricks respectively. 
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BRIEFER ARTICLES 
WHEAT SCABS AS AFFECTED BY SYSTEMS OF ROTATION! 


J. R. HOLBERT, J. F. Trost, anno G. N. HOFFER 


Just prior to the harvest of 1918 a limited survey was made of the oe- 
currence of wheat seab in the vicinity of Bloomington, Illinois. The sur- 
vey was confined to 1500 acres in 28 of the most representative wheat fields 
of this locality. Seed wheat for these fields had been obtained from two 
sources. Two car-load lots had been obtained from Kansas and the re- 
mainder was home-grown seed of the 1917 crop. In each ease the variety 
was Turkey winter wheat. The uniform character of the Kansas seed 
wheat is indicated by the consistent appearance of a trace of loose smut 
and of three to four per cent of bunt in all of the fields sown with it. The 
imported seed was of excellent quality and practically free from seabby 
kernels. The home-grown seed was slightly inferior to the Kansas seed 
both in quality and germination, due chiefly to the fact that it contained 
a greater percentage of scabby kernels. 

The history of the rotation and soil treatments of these fields for the 
past several years is known. The soil is practically all of the brown silt 
loam type of the Illinois soil survey. The sequence of crops in the rota- 
tion is shown in table 1, together with the yield per acre and the per- 
centage of scab. 

TABLE 1 
Effect of the sequence of crops in 25 fields, on percentage of Turkey wheat plants affected 
with scab 


| NUMBER OF | SOURCE OF 
1916 1917 | 1918 PERCENT | BUSHEL 

Corn | Oats | Wheat | 5 1.0 36 | Kansas 
Corn | Oats | Wheat 7 1.4 37 Illinois 
Corn Corn | Wheat | 6 10.7 | 29 Kansas 
Alfalfa | Corn | Wheat | l $.0 33 Kansas 
Clover | Corn | Wheat l 14.0 | 26 | Illinois 
| Alfalfa | Wheat | 1 4.0 | 38 | Illinois 

| Wheat | Wheat | 3 2°5 36 | Tllinois 

Wheat | Wheat | 1 | Trace | 35 | Kansas 


' The work embodied in this report was done in coéperation with the Purdue Uni- 
versity Agricultural Experiment Station, Lafayette, Indiana. 
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Table 1 represents the recent sequence of crops in 25 fields with averages 
of the percentages of scab occurring in these fields. Where wheat fol- 
lowed two years of corn it showed a very high percentage of scab in prac- 
tically every case. Wheat following only one year of corn generally showed 
more scab than when it followed some other crop than corn, though not 
so much seab as when following two successive years of corn. Wheat 
grown on parts of fields where the corn had been removed for silage showed 
a less degree of seab infection and gave a heavier yield than wheat on 
stalk ground in adjacent parts of the same fields. Seab infection on wheat 
following wheat was not as severe as on wheat following corn in the same 
or adjacent fields. Wheat following oats showed the lowest average scab 
infection. The introduction of an oat crop between corn and wheat 
always resulted in a marked reduction in the quantity of seab. 


TABLE 2 


| ROTATION | SCAB YIELD 
i914 | | 1916 | 1017 | 1918 | Pet |pushel [RIPE IN| SOURCE 
| | | 
| | days 

1 Wheat | Clover} Corn Wheat | East | 14 28 3-4 | Illinois 
Wheat | Clover} Wheat | Wheat | West 3 35 | Ripe} Illinois 
2 | Clover| Corn Corn Corn Wheat | West 5 20 3-5 | Kansas 
Clover | Corn Oats Corn Wheat | East 1 25 1-2 | Kansas 
S Clover} Corn Corn Wheat | West | 20 25 6 | Kansas 
Oats Wheat | Corn Wheat | East Pe 33 | Ripe} Kansas 


In table 2 is shown a study of seab infection in three wheat fields. Dif- 
ferent portions of each of these fields had borne different crops in 1917. 
The variations in scab infection of the wheat in the two different parts of 
cach field can be attributed only to the influence of different crops during 
the previous years. All fields were sown with Turkey wheat. The 
source of the seed and the fertilization of the soil were the same on both 
portions of each field. 

In 1917 the eastern part of field no. 1 was in corn, while the western 
part was in wheat. The wheat grown in 1917 showed 40 per cent of scab 
infection. In 1918, wheat on the portion of the field which grew wheat in 
1917 showed only 3 per cent of scab infection, while the wheat sown on 
corn ground showed 14 per cent of infection. The yields were 35 and 28 
bushels respectively, and the wheat following corn was three to four days 


later in maturing. 

Field no. 2, which was all in wheat in 1918, was all in corn in 1917. 
One-half, however, was in corn in 1916, while the other half was in oats. 
In fact, the west half of this field had been in corn for three years before 
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Variations in percentages of wheat scab in different parts of the same field 
| | | | | 
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the wheat was grown in 1918. On this portion of the field the wheat in 
1918 showed 5 per cent of scab and a 20 bushel yield. On the eastern por- 
tion which bore oats in 1916 only 1 per cent of scab developed, and the 
yield was 25 bushels per acre. 

In field no. 3, the wheat on the western portion followed two years of 
corn, while the wheat on the eastern portion followed only one year of 
corn and this had been removed for silage. The wheat following two years 
of corn contained 20 per cent of scab and yielded only 25 bushels per 
acre. Wheat following only one year of corn showed but 2 per cent of 
scab, vielded 33 bushels per acre, and matured six days earlier than the 
poorer half. 

In all these fields, as also in the majority of the other fields studied, 
wheat following corn ripened a few days later and much less uniformly 
than wheat following wheat. 

Throughout the extent of the survey, the scab infection was found to 
center in fairly well defined spots in those fields in which observations 
were made. One spot might show as high as 10 to 15 per cent of seab, 
while another, a rod distant, would show as low as 2 to 3 per cent. The 
relation of the topography to the percentage of wheat scab is shown in 


table 3. 
TABLE 3 


Relation of topography to occurrence of wheat scab 


PERCENTAGE OF SCAB IN DIFFERENT 


PORTIONS OF FIELD 
» Base of | Bottom- 
1914 5 | | 1917 1918 Hill’ ‘Slope land 

Alfalfa | Corn | Corn | Wheat | 8 300 | 

| Alfalfa | Corn | Corn | Wheat Trace | 15 1 
Alfalfa | Alfalfa | Alfalfa | Alfalfa | Wheat Trace | 4-5 | 

Clover | Corn | Corn | Oats | Wheat Trace | 10, | 2 
| | | } 


The highest percentages of scab seemed to occur at the base of eleva- 
tions where trash would collect when washed down the slope. While the 
percentage of scab was invariably higher in lodged wheat, the quantity 
Was not always highest on the lowest, and apparently most fertile, sections 
of the field. On the other hand, the most elevated portions, generally 
with thinner stand, gave the lowest seab counts. 

This survey indicates an intimate relationship between the occurrence 
of the scab organism and systems of cropping. The uniformity of all con- 
ditions except time of sowing and of soil fertility through the fields covered 
by this survey, indicates the possible partial control of scab through the 


practice of proper crop rotation. 
BurEAU OF PLANT INDUSTRY 
WASHINGTON. D.C. 
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PHYTOPATHOLOGICAL NOTES 


Personals. Mr. J. W. Blachly, formerly a field agent of the Bureau of 
Entomology, Department of Agriculture, has been transferred to the 
Bureau of Plant Industry as extension plant pathologist, with headquarters 
in the department of botany, office of plant pathology, Kansas State Agri- 
cultural College, Manhattan, Kansas. He will be engaged in the introdue- 
tion of practical methods of control for diseases of truck crops, in cooper- 
ation with the extension division of the College. 

Mr. J. P. Benson, a graduate student and instructor in botany at Cor- 
nell University, has accepted the position of assistant pathologist in the 
office of Cotton, Truck, and Forage Crop Disease Investigations, Bureau 
of Plant Industry, and will take up work on the storage rots of vegetables. 

Mr. J. M. LeCato, formerly extension pathologist of the Bureau of Plant 
Industry in Virginia, has become associate plant pathologist of the Dela- 
ware Agricultural College. He will retain a connection with the Bureau 
of Plant Industry and will devote a part of his time te extension work on 
the control of truck crop diseases in Delaware. 

Dr. G. W. Keitt, formerly assistant plant pathologist at the University 
of Wisconsin, but more recently serving with the American Expedition- 
ary Force in France, has been promoted to the rank of captain and placed 
in charge of gas defense work for about 30,000 men. 

Mr. James Birch Rorer, formerly mycologist for the Board of Agricul- 
ture, Port-of-Spain, Trinidad, B.W.1I., announces a change to the position 
of mycologist, Associacion de Agricultores del Ecuador, Guayaquil, Keua- 
dor, South America. 

Dr. Eugene Washburn Roark died of pneumonia following influenza, at 
Minneapolis, October 13, 1918. Dr. Roark was a member of the instrue- 
tional staff of the University of Wisconsin in the department of plant 
pathology. Upon the completion of his research work leading te the 
doctor’s degree last spring he applied for admission to the naval aviation 
service and was detailed to the ground school at Minneapolis, September 


3, for training. 

Dr. Mortier F. Barrus, Pathological Adviser in the Office of Cotton, 
Truck and Forage Crop Disease Investigations, Bureau of Plant Industry, 
U.S. Department of Agriculture, has resigned to accept a commission as 
First Lieutenant in the Quartermaster’s Department of the Army. 
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ABSTRACTS OF PAPERS PRESENTED AT THE TENTH AN- 
NUAL MEETING OF THE AMERICAN PHYTOPATHOLOGICAL 
SOCIETY, BALTIMORE, DECEMBER 26 TO 28, 1918 


Soil disinfection by hot water to control the root-knot nematode and parasitic soil fungi. 

L. P. Byars and W. W. GILBerrt. 

During the past year experirents have been carried out to determine the possi- 
bility of using hot water as a means of disinfecting small quantities of soil infested 
with the root-knot nematode, Helerodera radicicola (Greef) Mueller, and the ‘“ damp- 
ing off’ organisms Rhizoctonia sp. and Pythium debaryanum. The work was earried 
out with soil in four and eight inch pots and in shallow benches. It is planned to 
continue these investigations and expand them to inelude work on soil in deep beds. 

The results already secured are particularly adapted for use when the disinfection 
of small quantities of soil for growing seedlings is involved, and steam is not readily 
available, as for example, in the work of the boys’ and girls’ tomato clubs in the South. 

These investigations have shown (1) that immersion of four-inch pots of infested 
soil in boiling water for five minutes killed all the organisms eoneerned; (2) that the 
application of three liters of boiling water to eight-inch pots of similarly infested 
soil gave identical results; and (8) that the application of boiling water at the rate 
of seven gallons per cubic foot of infested soil practically eliminated the nematode 
and fungi from shallow benches. 

As a further result of these hot water treatments there was at the same time a 
marked inerease in the percentage of germination and in the size and vigor of the 
plants grown in the treated soil. 


Fusarium root-rot of tobacco. JAMES JOHNSON. 

The deterioration of tobacco soils in the Connecticut Valley and in Maryland has 
been the subject of considerable study during the past three years. The reduced 
vields on many fields is not clearly attributable either to loss of fertility or to Thie- 
lavia root-rot. The roots of tobacco grown in such soils are usually discolored, 
decayed in loeal areas and reduced in area. The plants show no special symptoms of 
the trouble above ground, excepting that they grow slowly or not at all. Sterili- 
zation of the soil either with heat or formalin usually remedies the condition, ex- 
cepting where the soil becomes toxic on heating or becomes accidentally reinfested. 
Species of Fusarium have been repeatedly and consistently isolated from diseased 
roots. Artificial inoculation with pure cultures, although frequently obtained by 
various methods does not give as consistent results. Environmental conditions 
seemingly play an important réle here. The conclusion that Fusarium species are 
parasitic upon the roots of tobacco is warranted, however. As yet no single species 
can be said with certainty to be the only one concerned. Furthermore, certain of 
the strains obtained are apparently not limited to tobaeeo as a host. Certain 


legumes, especially cowpeas, as well as tomatoes are attacked. 
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Oomycetes parasitic on pine seedlings. Cart Harriuny and GLENN G. HAHN. 

Pythium debaryanuwm has been long known as a cause of damping-off of angiosperms 
and vascular eryptogams. It is now shown by repeated inoculations, reisolations, 
and reinoculations to be parasitic on pine seedlings. Single spore cultures, espe- 
cially difficult to obtain with this fungus, have not been employed in the inoculation 
work but the cultures used have given reasonably conclusive evidence of purity. 
Heavy inoculation on autoclaved soils with strains of average virulence invariably 
yields positive results. Lighter inoculation and especially inoculation on un- 
steamed soil have less decided effect. Not all strains are virulent, but stains isolated 
from, and known to be parasitic on dicotyledons are as virulent on pines as strains 
originally taken from pines. 

Rheosporangium aphanidermatus, known as a parasite on radishes and sugar beet 
seedlings, has never been found occurring naturally in pines. A single strain in 
repeated inoculation on Pinus banksiana has given positive results and reisolation 
and reinoculation have been successful. An unidentified species of Phytophthora 
obtained from Pinus resinosa has given evidence of a certain degree of virulence on 
pine seedlings in inoculations, and another oomycete, probably Pythiiwmn artotrogus, 
from Pinus banksiana has proven of very weak or doubtful parasitism on pines. P. 
debaryanum is the only oomycete sufficiently virulent and sufficiently common to 


be considered of economie importance in pine seedlings. 


Relative importance of Pythium and Rhizoctonia in coniferous seed beds. Roy G. 

Prerce and 

Both Pythium debaryanum and the Rhizoctonia stage of Corticium vagum are com- 
mon in damped-off seedlings of pine, and, judging from limited observations, in 
spruce as well. 7'suga mertensiana and Pseudotsuga taxifolia are additional hosts for 
Pythium. These fungi appear to be the two most important parasites on pine seed- 
lings. In examination of several! hundred groups of damped-off seedlings Pythium 
has been found in more such infection foci than Rhizoctonia. Nevertheless Rhizoc- 
tonia is probably as ‘mportant as Pythium, for single Rhizoctonia infections some- 
times spread over considerable areas involving large numbers of seedlings. Rhizoe- 
tonia furthermore seems to occur more frequently than Pythium in beds consisting 
of pure sand. In beds given different disinfectant treatments Rhizoctonia was 
found in a smaller proportion of the foci than in untreated beds, indicating that it is 
more easily controlled by disinfectant treatments than Pythium. 

Both fungi are often found in seedlings from what appears to be the same infection 
focus. Both have even been obtained from a single seedling. With both fungi some 
of the strains taken from damped-off pines have proved in inoculation experiments to 
have little or no capacity for attacking pines. It is evident that finding one of these 
fungi in a damped-off seedling is not proof of causal relation. There is little dif- 
ference between the weaker strains of Rhizoctonia and the weaker Pythiums. There 
have been found, however, a few very virulent Rhizoctonia strains, apparently more 
destruetive to pines than the strongest of the fifty Pythium strains worked with. 


Hot water seed treatment for black leg of cabbage. J. B.S. Norton. 

Treatment of cabbage seed with formaldehyde and corrosive sublimate did not 
prevent the development of fungi that hindered the growth of seedlings in sterile 
agar tubes. Treatment of seed with hot water showed that cabbage seed could be 
treated five minutes at 60°C., ten minutes at 56°C., fifteen minutes at 56°C. and 
twenty minutes at 54°C. without injury. Preliminary tests with the Phoma spores 
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in hot water indicate that they are killed at somewhat lower temperatures than the 
cabbage seed. Late cabbage plots from seed treated with water at 5°C. for ten 
minutes were almost free from Phoma and only a few plants failed to head while the 
untreated plot was*very uneven, especially when young. Many times the number 
of plants failed to head as compared w th the treated plot, and most of the poorer 
plants were attacked by Phoma. 


Macrosporium solani on tomato fruit. JoserH RosENBAUM. 

Complaints received from growers and commission men showed the necessity o/ 
determining definitely whether or not the early blight or nail-head spot (Macrospor- 
ium solani IX. & M) on tomato fruit originates in transit. Experimental data on this 
point are lacking but statements are found in literature that ‘‘the disease had devel- 
oped during transit.”’ 

Recent work with Florida grown winter tomatoes has shown conclusively that this 
disease does not originate in transit on mature fruit shipped either ripe or green, 
maturity of the fruit in this case being measured by size. Fruit approximately more 
than six inches in circumference is not susceptible to the disease even under the most 
favorable conditions for infection. 

The above conclusion was reached in the following manner: (1) by making numer- 
ous counts in the field to determine age and size of fruit when infection can oecur in 
the field, (2) sending experimental shipments of mature and immature fruit from 
badly infected field at intervals throughout the season, (3) artificial inoculation ex- 
periments gave positive infection on immature uninjured fruit but failed to infect 
mature uninjured fruit. 


The nematode disease of wheat caused by Tylenchus tritici (Steinbuch) Bastian, and its 
control. L. P. Byars. 

During the past year the eelworm disease of wheat caused by Tylenchus tritict 
(Steinbuch) Bastian and long known in Europe has been found causing a great deal 
of damage in certain parts of the United States, particularly in Virginia. 

Wheat spikelets affected by the disease contain in place of the normal kernels dark, 
hard galls filled with larvae of the nematode. These larvae escape from the galls 
into the soil, reach the young seedlings, become located between the leaf sheaths 
near the bud and are passively elevated to the spike. There they enter the young 
flowers and produce the galls within which they develop to maturity and lay eggs. 
The latter give rise to larvae and in this way their life cycle is completed. 

The disease may be controlled by the use of clean seed, crop rotation and sanita- 
tion. If uninfected seed cannot be brought in from localities where the trouble does 
not occur the sound grain may be separated from the nematode galls by the salt- 


brine method devised by A. G. Johnson of Wisconsin for removing ergot from rye. 


The Physoderma disease of corn. W.H. TIspA.e. 

The Physoderma disease of corn (Zea mays) was discovered in India by Shaw in 
1910 and in the state of Illinois by Barrett in 1911. Since that time various individ- 
ual reports and an extensive survey in codperation with the Office of Plant Disease 
Survey have revealed its presence throughout the United States as far westward as 
central Texas and northward to southern Minnesota and New Jersey. The disease 
is known to cause considerable damage in the South Atlantic and Gulf Coast states. 
The quantity of damage varies with weather conditions, moist and warm Weather 
favoring its development. For this reason it is thought probable that the disease 
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has reached its northern and western limits, especially so far as its ability to do any 
appreciable damage is concerned. 

The disease occurs on all varieties of corn and has been found on Teosinte. On 
the blades of these plants it has the appearance of a true rust when viewed from a 
distance, but on close observation it can be distinguished readily from the true rust. 
The reddish-brown spots, which are seldom more than 1mm. in diameter, often coal- 
esce to give the entire blade ora part of it a rusty appearance. Onthe culm, mid-rib 
and sheath the lesions are usually larger, often 5 mm. in diameter and are darker 
brown in color. The spots are definitely limited by the veins. The culms are in 
cases completely girdled and the plants often die before maturity. After the plants 
are dead the pustules may rupture and liberate a brown dust of sporangia. This is 
especially noticeable where the plants break over. 

The resting sporangia (resting spores) of the causal organism, Physoderma zeae- 
maydis Shaw, live over winter on the diseased plants and in the soil and are carried 
in spring and summer by wind and other agencies to the young corn plants where 
they germinate in the free water held by the bud and sheath of the plant, producing 
numerous uniciliate zoospores which are motile for from one to two hours after which 
tine they come to rest, send out delicate thread-like hyphae which penetrate di- 
reetly the host epidermis and cause the disease. Resting sporangia germinate at 
temperatures ranging from 23° to 30°C., the optimum temperature being about 28°. 
After the hyphae have penetrated the host epidermis a number of adjacent cells 
are invaded by the mycelium which forms an intracellular network of fine fibers and 
enlarged cells. These enlarged cells develop directly into resting sporangia or send 
out short hyphae which produce terminal sporangia. ‘The fine mycelial fibers pene- 
trate the cell walls directly. The invaded cells often become completely filled with 
brown resting sporangia which give the spotsa brown color. These sporangia germi- 
nate readily as soon as they are mature, but after becoming dry they germinate less 
readily or searcely at all until after they have passed the winter. Germination and 
zoospore formation take place in two days when the sporangia are placed in water 
at the proper temperature. 

The disease is less abundant where farm sanitation and a good system of crop 


rotation are practised. 


Resistance intheAmerican chestnut tothe Endothiacanker. ARTHUR HARMOUNT GRAVES 

Native chestnut trees giving unmistakable evidence of resistance to the bark dis- 
ease caused by Endothia parasitica (Murr. ) And. have been discovered in the neigh- 
borhood of New York City. Resistance is proved by the following facts: 

1. The average growth in 289 inoculations is one-fifth to one-fourth as fast as in 
ordinary chestnut. 

2. The trees oceur in a neighborhood long subject to the disease, and among then 
are individuals long sinee dead. ° 

3. The trees themselves have had the disease for a long period, as shown by bare, 
weathered tops, healed cankers, swollen branch bases, ete. 

That disease resistance is an inherent character is inferred from the following 
facts: 

1. Association of the trees together in well defined areas. 

2. Manifestation by members of the same coppice group, and by branches, trunk 
and basal shoots of the same individual, of similar degrees of resistance. 

Associated with cases of marked resistance is an unusual development of callus 
tissue in which a peculiar milky-white substanee. evidently strong in tannin or 


tannin compounds, appears. 
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Many of the trees bloomed well and this fall bore good fruit. The nuts have been 
planted in order to determine with certainty whether or not the resistant character 
is a heritable character. 

These facts and inferences are of particular significance inasmuch as they suggest 
the practicability of developing a resistant strain of American chestnut for reforesta- 
tion purposes. 


Notes on some Uredinales attacking pines. Grorae G. Hepaccock and N. Rex Hunt. 

Cacoma strobilina Arthur causes a serious disease of pine cones in Florida, ren- 
dering them abortive. The fungus is a true Caeoma, but often possesses pseudo- 
peridial flaps which protrude from between the hypertrophied cone seales. The 
first year cones are infected apparently in late winter, and the mature aecia appear 
in early spring the same year. Inoculations in March, 1918, with the aeciospores of 
this fungus from cones of Pinus heterophylla Muench. and P. palustris Mill. at Wash- 
ington, D.C., infeeted the leaves of several species of oaks, producing uredinia with 
small soriin about two weeks. After several months immature telial sori have been 
produced, belonging to Melampsora or a related genus. The uredinia of this fungus 
closely resemble those of Uredo quercus Brond. of Europe. 

Cacoma conigenum Pat. causes a similar cone disease of pines in Arizona. The in- 
cubation period of this fungus is apparently longer than that of the previous one, 
and the cones may bear aeciospores more than one season. The fungus is not a Cae- 
oma but a true Peridermium with cerebroid peridia. Inoculations in July 1918 with 
the aeciospores of this fungus from Pinus chihuahuana Engelm. infected the leaves 
of oaks producing uredinia with large sori in about two weeks. No mature telia 
have been formed so far with artificial inoculations. Mature uredinia and telia of a 
Cronartium associated closely with the aecial form have been found by Hunt in 
Arizona. Both species of cone rusts apparently winter over in the uredinial form on 
the leaves of evergreen oaks in nature. 

Notes on inoculations with two species of pine leaf rusts are also given, proving new 
connections between species of Peridermium and Coleosporium. 


Notes on the rusts of the piton pines. Grorar G. Hepacock, ELtswortH 
and N. Rex Hunt. 

The investigations of the past year have extended considerably the known range 
of the pifion blister rust Cronartium occidentale H. B. & H. It has been found for 
the first time in northern New Mexico, central and eastern Utah, and southern Wyo- 
ming, in the telial form on several species of Grossularia and Ribes, and in northern 
New Mexico and eastern Utah in the aecial form on Pinus edulis Engelm. In Mesa 
Verde National Park and other regions in southwestern Colorado it is epidemic on 
this host. Several species of Grossularia and Ribes are now reported for the first 
time as new hosts. 

Coleosporium ribicola (C. & E.) Arthur, which causes a needle rust of Pinus edulis 
in the Rocky Mountain section of the United States, is now reported for the first 
time from Wisconsin and Minnesota in the uredinial and telial forms on, species of 
Grossulariae, also what is probably the aecial form on Pinus banksiana Lamb from 
Wisconsin. 


Results from inoculations with both of these rusts are reported. 


| 
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Forest pathology and airplane construction. J.S. Boyer. 

For ordinary construction purposes wood is not called upon to meet the exacting 
requirements that it is for airplane construction. Minor defects in the former in- 
stance, may prove disastrous in the latter. Advance rots (the earliest stages of 
decay), which appear as discolorations in the otherwise sound wood, must be excluded 
from major parts of airplanes by rigid inspection. It is difficult to separate these 
discolorations from certain harmless discolorations caused by chromogenic fungi 
or otheragents. Discolorations caused by advance rots are prevalent in Sitka spruce 
(Picea sitchensis), Douglas fir (Pseudotsuga taxifolia), birch (Betula spp.) and ash 
(Fraxinus spp.), which are probably the four woods most commonly used in airplane 
construction. 

These woods are also subject to many harmless discolorations and in some cases 
it is necessary to make a microscopical examination to settle whether a fungus is 
present or not and if present, the effect on the structure of the wood. 

Furthermore, certain minor wounds, particularly lightning rings, in coniferous 
trees, undoubtedly weaken the wood, and parts containing such defeets cannot be 
used. 

The actual detection of the above defects depends upon careful instruction of 
inspectors on duty at the airplane factories by means of actual examples. 

There is need for more exact studies on decays, discolorations and minor defects 
in those woods used for airplanes and through dissemination of such information to 
inspectors and wood workers in this industry. 


Investigations of white pine blister rust, 1918. PeRLEY SPAULDING. 

These investigations were carried on in 1918 at four field stations; Block Island. 
Rhode Island; Kittery Point, Maine; North Conway, New Hampshire; and Lewis, 
New York. At the two latter places the work was carried on under the direction of 
Doctors H. H. York and L. H. Pennington. It has been definitely established that 
the aeciospores are distributed for miles rather than hundreds of yards and it appears 
that the wide dissemination of the disease takes place by this means. The uredo- 
spores, this season, were not widely distributed. The sporidia from the telia appar- 
ently produced infection for relatively short distances only. The aeciospores germi- 
nate strongly and retain viability longest; the uredospores germinate rather weakly 
and retain viability a somewhat shorter time than the aeciospores; the telia them- 
selves germinate strongly and retain viability a long time; the sporidia are short- 
lived. Overwintering of the fungus upon dead Ribes leaves has been proved. Seven 
generations of uredospores were produced in New York. White pines on Block 
Island bore blisters this spring after an incubation period of about eighteen months. 


Fungi which decay weaveshed roofs. R. J. Buatr. 

When the weaveroom of a cotton mill is immediately beneath the roof, the 
moisture from the air gets into the roof planks and causes them to rot in a short 
time. 

The writer has recently examined 24 of these roofs which cover an area of more 
than 45 acres. Of the lot, in only 2 (which make less than 1 per cent of the total area) 
was it found that trouble was not beginning to show in less than six or eight vears. 
Nearly all of these roofs are in New England. 

One of the Massachusetts roofs has furnished exceptional opportunities for a 


study of the problem. Th’s roof is of Southern pine, covers more than 4 acres and 
has rotted in less than eight years. At least three species of fungi are rotting this 
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roof, Lentodium tigrinum, Fomes officinalis and Lenzites trabeum. The different 
forms are very nicely distributed in various parts of the roof. 

The factors affecting the life of these roofs are: (1) Species of wood, (2) quality of 
plank, (3) thickness of plank, (4) relative humidity of weaveroom, (5) arrangement 
of the heating system. 

A safe roof can be made of two thicknesses of plank separated by three layers of 
tarred paper mopped on. ‘The inner plank is of high grade material, while the outer 
one is of inferior stuff, mostly sapwood which has received preservative treatment. 
A tar and gravel finish is then put on. 


The aecial hosts of Puccinia subnitens. ELLsworth BETHEL 

This is the third report of culture work with this rust. During the summer of 
1918, the number of aecial hosts was greatly extended, and now numbers 71 species, 
and 46 genera in 19 families. The correlated rust, Uromyces peckianus Farl., is also 


discussed, and new aecial hosts recorded. 
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LITERATURE ON PLANT DISEASES! 


CompILeD BY Eunice R. OBERLY, LIBRARIAN, BUREAU OF PLANT INDUSTRY “ND 
FLORENCE P. Smiru, ASSISTANT 


October, 1918 


American Phytopathological Society. War Emergency Board. Report of the con- 
ference on diseases of potatoes and seed certification. 20 leaves, 2 pl. Buffalo, 
N. Y., Ag. 1918. 
Multigraphed. 
Barker, Bertie Thomas Percival. Further experiments on the treatment of Rhi cec- 
tonia disease of asparagus. Ann. Rpt. Agr. and Hort. Research Sta. Bristol 
1917: 28-32. [1918.] 
Bruner, Stephen C. La “‘phomosis’’ de la berenjena. Rev. Agr. Com. y Trab. 1: 
168-469, illus. S. 1918. 
Bryce, P.I. Injurious fungi of Ste. Anne de Bellevue, 1917. 10th Ann. Rpt. Quebee 
Soc. Prot. Plants 1917/18: 49-51. 1918. 
Byars, Luther Parris. <A serious ce}worm or nematode disease of wheat. Control 
the disease by use of clean seed-crop rotation—-sanitary measures... 
S. Dept. Agr. Office See. Cire. 114, 7 p., illus. 1918. 
Cockayne, A.H. Dry-rot of turnips. New Zeal. Jour. Agr. 17: 70-73. Ag. 1918. 
| Phoma napa-brassica. 
Coons, George Herbert. Sced tuber treatments for potatoes. Phytopathology 8: 
157-468, illus. S. 1918. 
Literature cited, p. 468. 
Crane, H. L. [actors influencing rate of discharge and the distribution of spray 
nozzles. Proc. Amer. Soc. Hort. Sci. 1917: 85-92. 1918. 
Darnell-Smith, George Percy. [Experiments on the control of brown rot in stone 
fruits. Agr. Gaz. N.S. Wales 29: 663-664. S. LOLS. 
Durst, Charles Elmer. [xperiments in selecting tomatoes for wilt resistance. 
Proc. Amer. Soc. Hort. Sci. 1917: 51. Mr. 1918. 
| Digest of address given at Pittsburg, complete address to be published by 
University of Illinois. 
Elliott, Charlotte. Bacterial oat blight. Phytopathology 8: 489-490. oS. 1918 
Grove, Otto. Notes on the fruit blossom bacillus. Ann. Rpt. Agr. and Hort. Re- 
search Sta. Bristol 1917: 21-24. [1918.] 


1This list includes references, both American and foreign, to the literature of plant pathology and my- 
cology of interest to pathologists. Voreign reterences published since January 1, 1917, have been tn- 


cluded beginning with the list appearing in v. 7. no. 3, June, 1917 


All authors are urged to cooperate in making the list complete by sending their separates and by tak - 


ing corrections and additions, and especially by calling attention to meritorious articles published outside 


of regular journals. Reprints or correspondence should be addressed to Miss E. R. Oberly, Librarian, 
Bureau of Plant Industry, U.S. Dept. of Agric , Washington, 1. C 
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Giissow, Hans Theodor. Drouth injury to MeIntosh apple. Phytopathology 8: 
490-491, illus. S. 1918. 
- Observations on obscure potato troubles. Phytopathology 8: 491-495, illus. 
S. 1918. 
I. Heterodera radicicola. II. Unfavorable storage conditions. III. Leaf 
streak. IV. Mosaic diseases transferred by inarching. 
Harvey, Rodney Beecher. Hardening process in plants and developments from 
frost injury. Jour. Agr. Research 15: 83-104, pl. 7-11. O. 14, 1918. 
Heald, Frederick DeForest. The stinking smut of wheat. Washington Agr. Expt. 
Sta. Pop. Bul. 115, 14 p. Ag. 1918. 
Hubert, Ernest E. Fungi as contributory causes of windfall in the northwest. Jour. 
Forestry 16: 696-714. O. 1918. 
Bibliography, p. 713-714. 
Johnston, John Robert, and Bruner, Stephen C. Infermedades del naranjo y otras 
plantas citrieas. Bol. Mstae. Expt. Agron. Cuba 38, 54 p., 15 pl. Ag. 1918. 
Jones, Dan H. Bacteria—friends and foes. Bul. Ontario Dept. Agr. 265, 99 p., 
illus. Ag. 1918. 
Bacterial diseases of plants, p. 69-99. 
Krout, W. S. Report on diseases of celery. New Jersey Agr. Expt. Sta. 37th Ann. 
Rpt. 1915/16: 584-603. 1917. 
Kunkel, Louis Otto. Tissue invasion by Plasmodiophora brassicae. Jour. Agr. 
Research 14: 543-572, pl. 61-80. 16, 1918. 
Lek, H. A. A. vander. Over de zoogenaamde “‘kwade harten’’ of “‘zwarte pitten”’ 
der erwten. Tijdschr. Plantenziekten 24: 102-115, pl. 3. My. 1918. 
Lint, Henry Clay. Report of potato spraying experiments. New Jersey Agr. Expt. 
Sta. 37th Ann. Rpt. 1915/16: 604-617. 1917. 
Report of the sulphur-potato seab experiments 1916. New Jersey Agr. 
Expt. Sta. 87th Ann. Rpt. 1916/16: 618-625. 1917. 
Martin, William H. Tomato spraying experiments at Salem. New Jersey Agr. 
Expt. Sta. 87th Ann. Rpt. 1916/16: 575-583. 1917. 
Merrill, J. H., and Melchers, Leo Edward. Insects and plant diseases attacking 
garden crops. Kansas Agr. Expt. Sta. Cire. 65, 12 p. Ap. 1918. 
Mottet, Séraphin Joseph. La dégénérescence des pommes de terre. Jour. Agr. 
Prat. n.s. 31: 327-329. Ag. 22, 1918. 
Nishikado, Yoshikazu. Studies on the rice blast fungus (I). Ber. Ohara Inst. 
Landw. Forsch. 1: 171-218, pl. 3-4. 1917. 
Bibliographical footnotes. 
Piricularia setariae, P. zingiberi n. sp. 
Oversigt over landbrugsplanternes sygdomme i 1917. Af C. Ferdinandsen, Sofie 
Rostrup, & F. hkélpin Ravn. Tidsskr. Landbr. Planteavl. 25: 314-340. 1918. 
Pethybridge, George Herbert, and Lafferty, H. A. A disease of flax seedlings caused 
by a species of Colletotrichum, and transmitted by infeeted seed. Sei. Proe 
toy. Dublin Soc. n. s. 16: 858-384, pl. 19-20. Ag. 1918. 
Colletotrichum lUinicolum n. sp. 


Pierce, Roy Gifford. Additional list of state and national quarantines against the 
white pine blister rust. Phytopathology 8: 484-486. S. 1918. 

Poeteren, N. van. Bestrijding van den cikenmeeldauw. Tijdschr. Plantenziekten 
24:53 101. May, 1918. 


58 PHYTOPATHOLOGY [Vou. 9 


Quanjer, Hendrik Marius, Lek, H. A. A. van der, and Botjes, J. Ootrroyn. Re- 
cherches sur le leptonéecrose de la pomme de terre et les maladies apparentées, 
faites de 1907 4.1917. Traduite par V. Antoine . . . Ann. Sei. Agron. 34: 
301-357, 455-494, illus. S.-D. 1918. 

Bibliographie, p. 485-494. 

Translation of their ““Aard, verspreidingswijze en bestrijding van phloeem- 
necrose (bladrol) en verwante ziekten”’ which is no.3 of Quanjer’s Bijdrage tot 
een monographie van de aardappelziekten van Nederland. 

Rathbun, Annie E. The fungous flora of pine seed beds. Phytopathology 8: 469- 
483. S. 1918. 

Literature cited, p. 483. 

Ravaz, Louis. Recherches sur le mildiou. Ann. Ecole Nat. Agr. Montpellier n.s. 
15; 294-323, illus. Ap. 1917. 

{unning title—Recherches sur le traitement du mildiou. 

Ritzema, Bos, Jan. Ziekten bij kool. Tijdschr. Plantenziekten 24 (Bijblad): 26- 
35, illus. My. 1918. 

Roberts, R. H. Winter injury to cherry blossom buds. Proe. Amer. Soe. Hort. 
Sei. 1917: 105-110, illus. 1918. 

Rorer, James Birch. Enfermedades y plages del cacao en el Ecuador y metodos 
modernos apropiados al cultivo del cacao. 80 p., illus. [Guayaquil? 1918.] 
Roy, Henri. The white pine blister rust situation in Quebee. 10th Ann. Rpt. 

Quebee Soc. Prot. Plants 1917/18: 25-30. 1918. 

Rumbold, Caroline. Laboratory notes on cultures of Endothia parasitica, A. & A. 
Notes on the color reactions of reproductive and vegetative hyphae of E. 
parasitica when treated with chemicals. Phytopathology 8: 495-499. S. 1918. 

Savastano, Luigi Salvatore. La cura del brusone del nespolo giapponese, esperi- 
menti. Bol. Staz. Sper. Agrumicolt. e Fruttic. Acireale 29, 6 pl., illus. My. 
1917; 33, 2 p. Je. 1918. 

-—- Le suberosi ed il gruppo delle malattie constituzionali settoriale nei frutti 
degli agrumi. Ann. R. Staz. Agrumicolt. e Fruttic. 4: 105-112, pl. 1-3 (2 ecol.). 
1917. 

Reprinted. 

——— Gommosi, marciume radicale, marciume di troneco ed apoplessia negli 
agruml. Bol. R. Staz. Sper. Agrumicolt. e Fruttic. Acirceale 28b, 4 p. My. 
1917. 

Schoevers, T. A. C. Iets over wortelknobbels en andere kankerachtige uitwassen 
bij planten. Tijdschr. Plantenziekten 24: 123-132, 133-148. My.—Jy. 1918. 

Literatuur, p. 146-148. 

Simpson, S. Coffee-leaf disease (Hemileia vastatrix, B et Br. in Uganda. Trans. 
3d Internat. Congr. Agr. 1914 2: 652-654. 1917. 

With a note on the present position by W. Small. 

Stevens, H. E. Florida citrus diseases. Florida Agr. Expt. Sta. Bul. 150: 13-110, 
illus. Ag. 1918. 

U. S. Department of Agriculture. Federal Horticultural board. Service and regu- 
latory announcements. August: 79-87, October 31; September: 88-97, N.6. 1918. 

Wilcox, Raymond Boorman. Notes on cranberry disease investigations of the 
Bureau of Plant Industry. Proc. 49th Ann. Conv. Amer. Cranberry Growers’ 
Assoc. 1918: 19-21. 1918. 


[PHyToPATHOLOGY for December, 1918 (8: 589-627, pls. I-V) was issued 
January 9, 1919.} 
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